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False-color image of gully channels in a crater 
in the southern highlands of Mars, taken by 
the High-Resolution Imaging Science 
Experiment (HiRISE) camera on the Mars 
Reconnaissance Orbiter. The gullies 
‘emanating from the rocky cfs near the 
crater’s rim (upper left) show meandering 
and braided pattems typical of water-carved 
channels. North is approximately up and 
illumination is from the left; image width is 
about 1 kilometer. See the special section 
beginning on page 1705. 
Image: NASA/JPLIUniversity of Arizona 
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PHYSICS 

‘Quantum Spin Hall insulator State in HgTe Quantum Wells 

‘M. Kénig etal. 

Apredicted, novel state of matter in which a spin-induced current flows acrossan 

insulator inthe absence ofa magnetic fields demanstrated ina doped thin film. 
10.1126/science.1148047 


PALEOCLIMATE 
‘Mixed-Layer Deepening During Heinrich Events: 

‘AMulti-Planktonic Foraminiferal 5##0 Approach 

H, Rashid and E, A. Boyle 

‘Massive releases of icebergs ino the North Atlantic during the last olaxil period, and 
the associated storminess, periodically mixed the ocean to greater depths than usual. 
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'BREVIA: Amazon Forests Green-Up During 2005 Drought 

S.R Soleska, K.Didon, AR. Huete, H. R.da Rocha 

Showing unexpected tesienc, tropical forest inthe Amazon apparently increased 
‘Photosynthesis in response tothe 2005 drought, according o satelite measurements, 
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PALEONTOLOGY 

Feather Quill Knobs in the Dinosaur Velociraptor 
AH. Turner, P.}. Makovicky, M. A. Norell 

Regularly spaced knobs on a fossil ulna of a Velociraptor, 

2 1-to 2-meter-long theropod, ate similar to knobs housing 
secondary feathers on modern birds. 
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DEVELOPMENTAL BIOLOGY 
A Vasculature-Associated Niche for Undifferentiated 1722 
‘Spermatogonia in the Mouse Testis 

5. Yoshida, M. Sukeno, ¥. Nabeshima 

Time-lapse imaging reveals thatthe stem cells that generate sperm 
are located near blood vessels in the testis of mice, a different 
‘organization than in invertebrates. 
APPLIED PHYSICS 
Universality Classes for Domain Wall Motion in the 
Ferromagnetic Semiconductor (Ga,MnJAs 
‘M.Yomanouchi etal. 

Walls between magnetic domains can be moved by changing the 
‘magnetic field or the spin-polarized current, but each acts through 
a different exponential relationship, 
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PHYSICS 

Signatures of Electron Fractionalization in 1729 

Ultraquantum Bismuth 

K Behnia,L. Balicas, ¥. Kopelevich 

‘Avery high magnetic fields, charge transport in bismuth crystals 

behaves like a quantum fluid, an elect previously seen only in 

two-dimensional materials. 

>> Perspective p_ 1694 

CHEMISTRY 

Free-Solution, Label-Free Molecular interactions 1732 

Studied by Back-Scattering Interferometry 

D. J. Bornhop etal 

Binding constants fr biomolecules paired with ions or proteins 

can be determined using interferometry to detect changes in 

refractive indices upon mixing in small channels. 

CHEMISTRY 

‘Asymmetric Catalysis of the Transannular 1736 

Diels-Alder Reaction 

EP. Bolskus and E. N. Jacobsen 

A chiral catalyst factitates carbon bond formation across a 

large rng, yelding several edge-sharing smaller rings and 

offering efficient synthesis of complex polycyclic molecules. 

GEOPHYSICS 

Spin Transition Zone in Earth’s Lower Mantle 1740 

JF Lin etal. 

tron in one ofthe major minerals inthe Lower mantle, (,FeN0, 

undergoes a gradual transition from a high-spin state to a denser 

lowspin state over a large pressure range, 

ANTHROPOLOGY 

The Primitive Wrist of Homo floresiensis and 1743 

its Implications for Hominin Evolution 

‘MW. Tocheri etal. 

Homo flresiensis, the enigmatic diminutive hominin from 

Flores, Indonesia, retains primitive wrist bones, impiying 

that it snot closely related to modern humans. 

STRUCTURAL BIOLOGY 

Structure of the Zine Transporter Yi 1746 

‘M. Lu and D. Fu 

The crystal structure ofa bacterial membrane transporter reveals that 

‘tuses an unusual two-ste, zinc for proton exchange mechanism. 
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‘Multicolor Super-Resolution Imaging with 1749 
Photo- Switchable Fluorescent Probes 

‘M. Bates, 8. Huang, G. T. Dempsey, X. Zhuang 

‘A super-esolution imaging method that uses a family of 

multicolor luorescent probes yields images of fixed cells with 

a spatial resolution of 20 o 30 nanometers. 
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EVOLUTION 
Widespread Lateral Gene Transfer from Intracellular 1753 
Bacteria to Multicellular Eukaryotes 

J.C. Dunning Hotopp et al. 

‘Unexpectedly, the smbiont Wolbachia can transfer segments of ONA 
consisting of individual genes or almost its entire genome to its insect 
‘or nematode hosts. 

GeNenICcs 

Draft Genome of the Filarial Nematode Parasite 1756 
Brugia malayi 

E. Ghedin et a. 

The genome sequence of a parasitic nematode shows that, 

in comparison tots reetving relative Caenorhabditis elegans, 

fits genes are adapted for its parasitic Ifestyle. 

MOLECULAR BIOLOGY 

UHRFL Plays a Role in Maintaining DNA Methylation 1760 
in Mammalian Cells 

M. Bostick etal. 

Epigenetic DNA methylation patterns that persist through 

cell division depend on a protein that binds to hemimethylated 

DNA and a methytransterase. 

MOLECULAR BIOLOGY 

‘MicroRNA inhibition of Translation initiation in Vitro 1764 
by Targeting the Cap-Binding Complex elF 4F 

G. Mathonnet etal. 

Invitro, microRNAs can acttorepres the intial step of 

protein wanslaion, 

IMMUNOLOGY 

Dynamic Visualization of Thrombopoiesis Within 1767 
Bone Marrow 

TJuntetal. 

Imaging of tiving bone marrow confirms that platelets form when 
{ong protrusions from sessile ells extend through the blood vessel 
wall and are then sheared by blood flow. > Perspective» 
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Honey Bee Defense Leaves Hornets Breathless 
Social insects suffocate their enemies by swarming them. 
Brits in Space 

U.K. panel endorses the concept of crewed missions, 
tothe moon and beyond, 

Loneliness Is in the Genes 

Research reveals how feelings of isolation can compromise 
the body's defenses. 
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& PERSPECTIVE: Interferon at 50—New Molecules, 

§ New Potential, New (and Old) Questions 

§ J.A Langer 

Variant |FN-c. proteins with novel activity profiles may transtate 
into better therapeutics and provide mechanistic insights. 
PERSPECTIVE: The Spark of Life—Electricity and 
Regeneration 

J. MW. Slack 

‘Aproton pump may play a critical role in Xenopus tadpole tail 
regeneration 
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the history of water on Mars, 
‘unraveling the mysteries of 
S Easter Island, new insights into 


Big opportunities in nanotechnology. 
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GLOBAL: Special Feature—Sizing Up Nano 
J. Austin 

“Nano” & asize, nota discipline or industry, but ob prospects 

in nanotechnology are anything but small. 

US: Starting Small 

R. Service 

‘There is plenty that budding sdentists and enginees can do to 
improve their prospec for tp-fight jabs inthe nanotechnology 
industry. 

GLOBAL: Skills Survey Highlights Varied Nanotech Needs 
K Travis 

‘There & no single career path in nanotech, but there are some 
pattems and broad themes, 


EUROPE: How Will Nanotech Fare in Europe? 

A. Swarup 

In Europe, the nanotech industry has gamered funding and 
‘potcy-maker enthusiasm, but what about jobs? 


SCIENCEPODCAST_ 


Download the 21 September 
Science Podcast to hear about 


dog genetics, and more. 
smuscencemag org/abou/podcas at 


‘Separate individual or institutional subscriptions to these products may be required for full-text access. 


www.sciencemag.org SCIENCE VOL317 21SEPTEMBER 2007 


1643 


Fractional Quantum Hall 
Effect in 3D 


{na two-dimensional (20) electron gas, conden- 
sation can occur at particular magnetic fields to 
Create a state that hosts remarkable tiquidlike 
properties. Prior work has indicated this frac- 
tional quantum Hall effect arises from intrinsi- 
cally many-body quantum ground states specific 
to 20 systems, Bebnia et al. (p. 1729, pub- 
lished online 16 August; ee the Perspective by 
Huxley and Green) report heat- and charge- 
transport measurements that suggest th 
similar state might also be observed in bismuth 
caystals at very high magnetic fields, in part 
because this metal has such a small Fermi sur- 
face and electrons travel with very long mean- 
{ree paths. The authors found that electron cor- 
‘elations in bismuth are stronger than what has 
been commonly assumed, and that this elemen- 
tal metal may host an exotic quantum Hall fluid. 


From One Ring, Many 

‘The Diels-Alder cyclization has proven widely 
useful in organic synthesis for introducing struc- 
tural complexity in a single reaction step. 
Through formation of two carbon-carbon bonds, 
the reaction presents the opportunity to control 
the stereochemistry at four different centers 
simultaneously. Balskus and Jacobsen (p. 1736) 
show that a chiral oxazaborolidine derivative 
catalyzes an asymmetric Diels-Alder reaction 
across preformed organic macrocycles to create 
‘ring systems with high stereaselectivity in which 
three rings with five to eight members are linked 
bby edge-sharing. The broad substrate scope 
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Completing a Life Cycle 
of Genomes 


Filarial nematodes, which are important pathogens that 
fect large numbers of people in developing countries 
within the tropics, have complex life cycles involving 
one or more intermediate hosts. Ghedin et al. (p. 1756) 
‘now present the genome sequence of Brugia malayi. The 
free-living Caenorhabditis elegans nematode genome 
sequences allow comparisons with the sequence for the 
filarial worm and offer the potential to identify the 
genes involved in parasitism. The genomes forall of the 
hosts involved in this parasite’s life cycle are now avait- 
able—human, mosquito, Wolbachia, and the filarial 
‘worm itself, which opens the door to system-based stud- 


spans a range of macrocycles bearing EE dienes, 
and the authors applied this approach speci 
«ally tothe synthesis of a sesquiterpene natural 
product, 


Optical Nanocircuits 
Increasing the clock speed of electronic circuits 
will begin to push the operating frequencies 
toward the optical regime and will require 
advances in addition to reducing the 

size of components. Challenges 
include the unacceptable 
losses in conventional 
microelectronics circuitry 
when operated at optical 
frequencies as well as a 
lack of basic circuit ele- 
ments, such as resistors, 
capacitors, and inductors, 
when operating at such high 
frequencies. Engheta (p. 1698) 
‘overviews a proposed route which 
considers the optical response of subwavelength 
nanoparticles as the nanocircuit building blocks. 
By combining the ability to tune the optical 
response of metamaterials with the ability to join 
the building blocks together, it may be possible to 
create “lumped” optical circuitry akin to the cir- 
cuit diagrams and structures in microelectronics. 


Deep Spin-Transition Region 
‘The structure, composition, and dynamics of the 
Earth's lower mantle are affected by the quan- 
‘tum spin states of iron within minerals at high 
pressure and temperature. However, this behavior 


ies of these relationships. 


‘isnot well established experimentally. Lin et al. 
{(p. 1740) have determined the spin state of iron 
in ferropericlase at lower-mantle pressures and 
{temperatures using an x-ray emission spectrome- 
ter with in situ synchrotron xray diffraction in the 
laser-heated diamond cell, continuous change 
in spin properties occurs in a region spanning the 
‘middle to lower mantle (1300 to 2200 kilometers 
in depth). In the lowermost mantle, tow-spin 
{erropericlase is stable. The spin transition in the 
‘middle to tow mantle cannot be described by 
classical equations of state and may possibly 
‘cause steep velocity and density gradients 
‘there that may be detected seismically. 


Allin the Wrist? 


The origins and affinity of the sm 

bodied hominins, Homo floresiensis, 
‘emain widely debated and enigmatic. 
‘Are these the fossils of a primitive spec- 
ies that somehow persisted in isolation on. 
Flores until the Holocene, or pathologic mod- 
cern humans, or something else? Tocheri et al. 
(p. 1743) show that the wrist bones of the 
original specimen are markedly primitive and 
completely unlike those of modern humans or 
of Neandertals. 


Sperm Stem Cells 

Little is known about the mammalian spermato- 

genic stem cell niche. Yoshida ef al. (p. 1722; 

see the Perspective by DiNardo and Braun) 

used time-lapse imaging and three-dimensional 

reconstruction to reveal the localization of the 
Continued on page 1647 
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Continued from page 1645 


‘candidate stem cells (undifferentiated spermatogonia) and found that these cells localize to the 
vasculature surrounding the seminiferous tubules in the mouse testis. Upon differentiation, the germ 
cells leave these regions to spread all through the seminiferous tubules, 


Transporting Zinc 

The divalent zinc cation is found in multiple guises in prokaryotic and eukaryotic cells. Lu and Fu 

(p. 1746, published online 23 August; see the Perspective by Nies) present the 3.8 angstrom structure 
of YiiP, a bacterial membrane protein that imports Zn** by exchanging it for H. The structure of YiiP is a 
Y-shaped homodimer, through which a presumptive pathway for Zn?*/H* exchange can be discerned. YiiP 
is amember of the cation diffusion facilitator family of transport proteins, Another family member, ZnT-8, 
is expressed soley in pancreatic cells and has recently been associated with risk for type 2 diabetes. 


Technicolor Super-Resolution Imaging 

The ability to visuatize molecular interactions at 20- to 50-nanometer (nm) resolution requires 
multicolor super-resolution imaging and has remained challenging. Bates etal. (p. 1749, pub- 
lished online 16 August) report the implementation of multicolor stochastic optical reconstruction 
microscopy (STORM) using a family of photoswitchable activator-reporter pairs. Combinatorial pairing 
of three reporters and three activators allowed up to nine distinguishable fluorescent probes, 
Three-calor imaging of a model DNA sample and two-color imaging of fixed cells was obtained at 
20-to 30-nm resolution, 

by Geddis and Kaushansky) use oe ms | 
dynamic intravital imaging to reveal 

the behavior of active platelet-producing megakaryocytes within the bone marrow. Megakaryocytes 
remained in close contact with microvessels of the bone marrow, protruding long extensions into the 
blood stream. It appears that the shear force exerted by the bloodstream then plays an active role in 


the release of larger megakaryocyte protrusions that allows platelets and proplatelets to move into 
the peripheral circulation. 


Taking a Peek at 
Platelet Production 


Current models of thrombopoiesis 
(platelet formation) have largely 
been derived from in vitro studies 
and static imaging approaches. Junt 
et al. (p. 1767; see the Perspective 


Crossing Kingdoms 

‘Whole eukaryote genome sequencing projects routinely exclude bacterial sequences on the assump- 
tion that they represent contamination. However, Dunning Hotopp et al. (p. 1753, published online 
30 August) found examples af genetic insertions from the bacterial endosymbiont Wolbachia into 
eukaryotic genomes in eleven species across six genera, three insect orders, and two different phyla. 
These inserts range from almost an entire Wolbachia genome to short 100-base pai inserts and are 
found as degenerate and transcribed genes. Thus, the movement of DNA between bacteria and 
‘eukaryotes may not be as rare as has been assumed. 


Reconstituting MicroRNA Gene Regulation 

MicroRNAS are small, ~21-nucleotide noncoding RNAS present in the genomes of almost all 
eukaryotes. They regulate gene expression in animals by repressing translation of target RNAS 
and also destabilizing them. The precise mechanism of repression has remained something of a 
mystery. Mathonnet et al. (p. 1764; published online 26 July) developed an in vitro messenger 
RNA (mRNA) translation system that recapitulates the ability of miRNAs to down-regulate gene 
‘expression. In this cell-free system, Let-7 miRNA acts to block the initial step of translation— 
recognition of the mRNA 5" cap. Thus, degradation of mRNA is not critical for gene repression, at 
least at in the early stages of the process. 
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A Critical Vote Down Under 


AN ELECTION WILL BE HELD IN AUSTRALIA LATER THIS YEAR. THE CONSERVATIVE 
government of John Howard has been in power for 11 years—bad years for basic science, 
Although medical research has done well, overall public funding of science has declined from 
0.77 to 0.59% of gross domestic product, placing Australia among the bottom countries of the 
Organization for Economic Cooperation and Development in science investment. Public policies 
hhavealsocauseda decline in commercial research and innovation. Whereas previous governments 
hhad encouraged private-sector R&D with a 150% tax concession, the first Howard budget cut that 
program, doubling the cost of research for profitable private companies. Commercial research 
spending fell dramatically and has only just retuned to the 1996 level. 

The Cooperative Research Centres program, set up nearly 20 years ago to solve Australia's 
failure to tur science into practical innovations, provided attractive funding for proposals bringing 
scientists together with various organizations, including corporations, 
industry groups, and public agencies dedicated to applications of 
basic research result. Inthe carly funding rounds, there was a healthy 
balance between commercial ventures and those aimed at the public 
interest suchas renewable energy, integrated pest management, tropical 
rainforests, and the coastal zone. Under the Howard government, 
every one of those public interest centers was climinated, leaving the 
program totally oriented toward commercial outcomes. 

Previous governments had specific projects to fund R&D in 
energy, In the 1980s, the Australian energy research council funded 
pioneering work that led to efficient solar cells, improved technology. 
for solar thermal energy and wind power, the hamessing of coal scam 
methane, and efficiency improvements. The Howard government 
dismantled that effort, and as veteran science policy analyst Julian Cribb pointed out, theabsence 
‘of a concerted program of R&D on energy alternatives has left Australia dangerously exposed to 
the volatility of world oil supply and unprepared for the carbon-constrained world of the future. 
Until very recently, senior government figures, including Finance Minister Nicholas Minchin 
‘and Industry Minister lan Macfarlane, were still denying the science of climate change. Only last 
‘month, four government members of a parliamentary committee investigating carbon capture 
and storage wrote dissenting note to the committee's report. The note included the fall litany 
of climate change denial, quoting all the usual discredited suspects from Australia and the 
United States. Australia has joined the United States in failing to ratify the Kyoto Protocol. 
Energy-related greenhouse gas emissions, now more than 30% above the Kyoto baseline, are 
spiraling out of control in the absence of concerted policies. 

‘The general dectine in funding has intensified competition for grants. Last year, the science 
‘minister intervened after the normal peer-review process and invited a group of unqualified 
ideologues to vet the recommendations of the Australian Research Council. Four grants were 
‘vetoed by the group. A chapter in my recent book Silencing Dissent, documents several cases in 
‘which distinguished scientists have been sidelined. The main government science organization, 
the Commonwealth Scientific and Industrial Research Organisation (CSIRO), instructed 
scientists not to comment on issues with policy implications. The head of atmospheric research, 
Graeme Pearman, said that science pointed to the need for Australia to cut greenhouse gas 
emissions by at least 60%. This was seen by CSIRO managers as criticizing the government's 
refusal to set targets; Pearman was forced out of his job. Other scientists have since refused to 
‘comment on options for reducing emissions. 

‘The Howard years have been gloomy for public interest research, The Labor Party, ahead in 
opinion polls, has promised torestore the funding and independence of science, but nospecific 
commitments have been made. A Labor-held climate change summit in March convened 
scientists, policy-makers, and business leaders, and a promise was made to ratify Kyoto and set 
national targets (a 60% emissions reduction by 2050). That is a start. The scientific community 
will be watching with more interest than usual as we move into the election campaign. 

=lan Lowe 
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{EREDRSTOF TO BOTTOM: MAIN SOME JOHNSEN (SET 


Poisoit ivy (above) and 
poison oak (right). 


GEOCHEMISTRY 


The extraordinary diversity of organic matter in 
soil and aquatic environments has posed a con- 
siderable challenge to researchers seeking to 
predict the fate of specific molecular contami- 
nants, As a starting point, the enormous array 
of functionalized hydrocarbons has traditionally 
bbeen divided into three broad classes of mate- 
rial: humin, humic acids, and fulvic acids. Even 
within these categories, however, chemical and 
physical properties can vary from place to 
place. Niederer et al. have undertaken a sys- 
tematic survey of the differing sorption proper 
ties of 10 distinct terrestrial and aquatic humic 
and fulvic acids, Using inverse gas chromatog 
raphy, they measured the airsorbent partition 
coefficients characteristic of these materials for 
~100 small organic molecules of widely varying 
polarities. The coefficients varied by as much as 
a factor of 10, but somewhat surprisingly, the 
changes were manifested as constant shifts. This 
result implies that despite the chemical diver- 
sity of the samples, sorption is primarily a func~ 
tion of the abundance of available binding 
sites. The authors rationalize this finding by 
invoking the high degree of cross-linking tying 
‘up functional groups beneath the surface of the 
material. A series of parametrized linear free- 


www.sciencemag.org 
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Managing Contact Dermititis 


‘Mast cells are traditionally, and perhaps unfairly, associated with the 
‘unwanted face of immunity: namely allergies. Yet these cells perform a 
variety of vital front-line roles, from ejecting worms from the gut, to 
‘regulating T cell responses, to protecting us agains the toxic effects of 
animal venoms. Grimbaldeston et al. extend this list of virtues to the 
attenuation of skin inflammation caused by toxins and ultraviolet (UV) 
radiation. Mice deficient in mast cells were found to develop a severe 

form of contact hypersensitivity—similar to the T cell-dependent 

contact dermatitis seen in humans—after exposure to the hapten dinitrofluoroben- 
zene of tothe allergenic plant compound urushiol, Replenishing the mast cell popu- 
lation in these animals with cells cultured from wild-type mice, but not from mice 
deficient in the immune regulatory cytokine IL-0, was sufficient to significantly 

reduce the degree of skin inflammation. The ability of mast cells to produce IL-10 

depended on engagement of the immunoglobulin Fc y receptor and corresponded 

with the suppression of inflammation achieved by administering antigen-specific 
immunoglobulin. inflammation caused by UVB irradiation was also dampened by 

‘mast cell activities but in this case appeared generally independent of the ability to 

[produce !L-10. These findings may open up new avenues for harnessing the anti- 

inflammatory power of mast cells to treat inflammatory skin disorders. — 5}S 

Not. immunol. 8, 10.1038/ni1503 (2007). 


energy relations derived from the data shows 
promise for predictive applications. — JSY 

Enron. Sci. Technol, 41, 10.1021/630709932 

2007. 


CHEMISTRY 


Palladium is exceptional in its tendency to form 
large well-defined dusters capped with CO and 
phosphine ligands; dusters with up to 145 Pd 
atoms have been characterized. Mednikov etal. 
now report that platinum can get into 

the actif the synthesis starts 
with a smaller Pd cluster, 
P,q(CO),,(PPh,), (where PPh, 
és triphenylphosphine), 

which reacts with 

added PI(CO),(PPh,), to 

yield a 165-atom PI-Pd 
cluster, nominally 
Pyq,Pt,(CO), PPh) 

The arystallographic 
occupancy analysis was 
augmented by wide-angle dis- 
petsive spectroscopy to establish the Pt 
stoichiometry. The structure can be described as 
four concentric shells. At the center isa Pt atom, 
surrounded by 2 12-atom Pd icosahedron, and 
the second shell is 42-atom icosahedron with 


either 3 or 4 PL atoms; the third and fourth 
shells are high-symmetry structures with 60 and 
50 atoms, respectively, This cluster is unusual in 
that its outermost shell has fewer atoms than the 
underlying shell, and CO ligands bridge inter- 
shell metal atoms. — POS 

J.Am. Chem, Soc. 29, 10:1021/38073945q 

(2007, 


Generics 


Though particularly notorious for its association 
with cats, the protozoan parasite Toxoplasma 
gondii is ubiquitous among vertebrates, to 
the extent that a quarter of the human pop- 
ulation is infected. Unusually, it prop 
agates both sexually and asexually, 
but tends to have a clonal population 
structure with three geographically 
distinct lineages. Unexpectedly, all 
lineages share a nearly monomorphic 
version of one chromosome, which has 
become fixed in natural populations. Khan 
et al. have traced the population structure of 
T. gondii by sequencing introns and find that 
South American strains show variation not seen 
in other lineages. The date of this divergence 
correlates with the reappearance of the Pana~ 
Continued on page 1653 
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‘manian land bridge roughly 1 million years ago 
and the southerly migration and diversification of 
the Felidae. The lineages appear to have evolved 
in two phases, frst by the generation of northern 
and southern haplogroups emerging by rare 
recombination events, and second by a global 
sweep spreading the monomorphic chromosome 
{nto the South American haplogroups. The selec- 
tive advantage of the monomorphic chromosome 
hhas yet to be revealed, although itis probably 
involved in virulence and transmission, — CA 
Proc. Nat Acad, Sci. US.A, 104, 14872 (2007), 


Geowocy 


Hawai is sometimes referred to as Earth's greatest 
‘mountain because its height above the seafloor 
‘exceeds the height of Mt. Everest above the plains 
of India, Recent work has identified several huge 
submarine stides extending off of several of the 
Hawaiian islands, and the large-scale topography 
of these islands, including underwater features, in 


part reflects the feedback between growth of the 
islands by volcanism and this mass wasting. Lamb 
et ol argue that these slides may trigger some of 
the more dramatic smaller topographic features 
found in some ofthe wetter pats of the islands, 
specifically, amphitheaters containing a series of 
large waterfalls, They show that waterfalls can dill 
into the Hawaiian basalt at a rate sufficient to cut 


sae 


www.stke.org 


these amphitheaters from a clif produced by a 
slump in a few hundred thousand years. An alter- 
native model has been that erosion from ground- 
water seepage or springs produced these features, 
and that this process may have produced similar 
features on Mars, but the rates of spring flow and 
ther features seem insufficient to have produced 
the observed features on Hawaii. — BH 

Geol Soc. Am. Bull. 119, 805 (2007) 


CHEMISTRY 


Living polymerization is a double-edged sword. 
On the one hand, this dass of techniques—all of 
which feature a tight association between catalyst 
and growing chain that inhibits termination— 
affords exquisite control over the molecular 
structure of the polymer and the uniformity of 
the bulk product distribution. On the other hand, 
such control comes at the expense of cost and 
throughput efficiency, as each chain requires its 
own appended catalyst and monomers must be 
added in batches. Hustad et al. present an alter 
native approach to the preparation of diblock 
copolymers, in which, rather than adding con- 
secutive batches of different monomers to a liv- 
ing system, they set up successive continuous 
reactors and limit polydispersity by using a chain 
shuttling agent. Rapid chain transfers between a 
hafnium catalyst and zinc shuttling agent allow 
each catalyst molecule to extend >300 chains 
while keeping the chain lengths roughly uniform 
across the sample. By feeding pure ethylene into 
the first reactor and adding a longer a-olefin to 
the second, the authors achieve a product dist 
bution with two distinct segments (high- and 
very-Low-density polyethylene) in each chain and 
a polydispersity of only 1.67. —1SY 
‘Macromolecules 40, 10.1021/ma0717791 (2007). 


<< Helping Plants Survive Heat 


Plants rely on microorganisms in the local environment for various 
important processes, one of which is nitrogen fixation by symbiotic 
bacteria that colonize the roots of some plants. McLellan et al. provide 
evidence that fungi inthe rhizosphere (the soil surrounding the plant 
roots) may also contribute to heat tolerance. Previously, two 


inhibitors of mammatian heat shock protein 90 (Hsp90) were discovered in extracts from 
Sonoran desert plant-associated fungi. McLellan et al. follow up this result by showing that 
‘monocilln | specifically binds and inhibits the chaperone activity of Arabidopsis Hsp90 in vitro. 
Exposure of Arabidopsis seedlings to monicillin increased the expression and abundance of the 
heat shock response protein AtHsp101. Pretreatment of seedlings with monicillin before what 
would be a lethal heat stress for untreated plants increased survival, and this protective effect 
required Hsp101. When Arabidopsis seedlings were cultured with the fungus that produces 
monicillin, hypocotyl elongation decreased; however, the plants tolerated heat stress much 


better in the presence of the fungus. — NRG 


www.sciencemag.org_ 


Plant Physiol. 145, 174 (2007). 
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Taking Back Archaeology 


Cranks continually shanghai archaeological dis- 
coveries to support nutty arguments about lost 
ivlizations and visits from ancient astronauts. 
Now, two self-described angry archaeologist in 
Britain want to set the record straight 

Bad Archaeology debunks a range of pseudo 
science, including claims that a1513 Ottoman 
‘map (above) accurately depicts Antarctica. 
Touted as evidence that ancient mariners—or 
even aliens—surveyed the continent tong ago, 
the map actualy reflects belief in an as-yet- 
Undiscovered southern landmass with tittle 
resemblance to Antarctica. The site also reveals 
the pseudoscientists’ habit of plucking puzzling 
artifacts out of contest to undermine orthodox 
interpretations. An example: the “batteries of 
Babylon,” 2000-year-old Iraqi jars that some 
authors assert were used to generate current 
even though no electrical devices existed. >> 
www.badarchaeotogy.net 


“Sharp” Numbers Better 
For Sellers 


According toa new study conducted at Cornell 
University, the digits in the price of a house can 
subliminally manipulate how much you're will- 
ing to pay for it. 

In housing data from Long Island and south 
Florida, consumer behavior researcher Mano} 
Thomas and colleagues found that the number 
of zeroes in @ house's list price affected the sale 
price, with each zero reducing the final price by 
about a third of a percent. Thus, a house listed 
for $484,700 will sll for about $1300 more 
than a house listed for $485,000. "This is 
arguably the most important purchase we 
make,” Thomas says. “So this is nat an error of 
neglect it’s the way our brains work.” 

The researchers hypothesize that everyday 
experience teaches us that round (imprecise) 
‘numbers are usually larger than nonround 
(sharp) numbers. Buyers perceive the more 


weww.sciencemag.org 


precise price as being lower already—and 
firmer—and do not try to undercut it by 2s 
‘much. lf the phenomenon holds up, says Priya 
Raghubir, a consumer behavior expert at the 
University of California, Berkeley, it could be 
useful in other settings. For example, a speed 
limit of 24 or 26 could cause drivers to slow 
down more than a speed limit of 25. 


Let England 
Be England 


For more than a decade, 
British shopkeepers have had 
to display both metric and 
imperial measurements in 
‘preparation for a full conver 
sion to metric. But many twadi- 
tionalists have fought the trend— 


LBANDOMSAM PLS 
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by a grocer who in 2001 was convicted of selling 
bananas by the pound. 

‘Now, after getting extensive feedback from 
both industry and the public, the European 
Commission has backed off plans to eradicate 
imperial measurements by 31 December 2009. 
Instead, it will allow the United Kingdom to 
keep its pounds, feet, miles, and pints for 
domestic use. Exports have to be metric. 

E.U. Commission Vice President 
Ginter Verheugen said the deci- 
sion honors the culture and 
tradition of Great Britain,” 

adding that he hoped this 
sign of E.U. flexibility would 
help the United States. 

see the virtue of accepting 

“metric-only labeled” imports. 

The U.K. and the U.S. stand 
alone among major nations in 


refusing to capitulate to metrication. 


such as the Metric Martyrs, inspired 


Chess for Drudges? 


Good chess players are really smart, right? Only up to 2 point, according to a study that con- 
cludes practice is more important than brains. 

‘Merim Bilal, a psychology doctoral student at Oxford University in the U.K, studied 57 pri- 
mary and secondary school chess players, giving them chess problems and 19 tests and logging 
their daly chess practice, 

‘Although years of experience and IQ correlated with chess skils, the researchers found that the 
highest correlation was with the number of hours a day the children spent playing or studying the 
game. And among the top 23 players (all boys), the correlation of chess skill with 1Q disappeared. 
Within this high-IQ group (average 133, versus 114 forthe other 34 players), it wasn‘tthe bright- 
est but those who practiced the most who id best, the researchers report in the September issue 
of Intelligence. The smartest ones actually practiced less, 

Chess has long pitted proponents of “expertise” theory, which emphasizes the cultivation of 
specific skils, against those who argue that talent is important. Psychologist Neil Charness of 
Florida State University in Tallahassee says that the study bears out “the drudge theory of 
expertise. Once you're about average 10, the most important predictor is deliberate practice.” 
But Robert Howard of the University of New South Wales in Sydney, Australia, points out that 
chess prodigies “rapidly outpace the average grandmaster” despite much less practice time. 
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AWARDS 
BALZAN WINNERS, Two immunologists and a 
‘anoscientist are among the winners ofthis 
year’s Balzan Prizes, set up in 1956 in memory 
‘of Eugenio Balzan, a former editor and co- 
‘owner of Italy's Corriere della Sera newspaper. 
Sumi tijima of Meljo University in 
Nagoya, Japan, will receive the $830,000 
award (half of which has to be spent on 
research) for his discovery of single-walled 
carbon nanotubes. Bruce Beutler of The 
Scripps Research Institute in San Diego, 
California, and Jules Hoffmann of the French 
national research agency in Strasbourg—also 
the current president of the French Academy 
of Sciences in Paris—will share the same sum 
{or their work on innate immunity. 
The winners will join awardees in inter- 
national law, literature, and peace at a 23 Nov- 
ember ceremony in Berne, Switzerland. 


MEDICAL MESSIAHS, An immunologist who 
discovered key cells of the immune system 
known as dendritic cells and two cardiac sur- 
‘geons who developed implantable heart valves 
have won this year’s research awards from the 
Lasker Foundation, 

The winner of the basic research award is 
Ralph Steinman, 64, of Rockefeller University 
in New York City, for his work with dendritic 
cells, which he says at 
first glance reminded 
him of “a swimmer 
treading water.” 
Steinman found that 
dendritic cells spurred 
Tells to attack invad- 
ing pathogens. 

Alain Carpentier 
(right), 74, of the 
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Celebrities 


RISING. A lightweight amateur boxer with a background in computer vision and 
artificial-intelligence research will be South Korea's first astronaut, officials 
announced this month. Ko San will board a Russian Soyuz spacecraft next April 
to travel to the international space station. 

A graduate of Seoul National University with degrees in mathematics and cog- 
nitive science, the 30-year-old Ko was working at the Samsung Advanced Institute 
of Technology in Yongin before he was selected for astronaut training from more 
than 36,000 applicants. South Korean officials hope his participation will boost 
public interest in South Korea's nascent space program. In addition to building a 
‘5265 million space center, the country is readying its first homegrown rocket for 
launch next year after having built 11 satellites launched by other countries, 

Ko reportedly wants to be known as a space scientist rather than as an 
astronaut. During his week on the space station, he hopes to conduct 18 
experiments that include how microgravity affects the fermentation of kim- 
chi, South Korea's national dish. 


European Hospital 
Georges Pompidou in 
Paris and Albert Starr 
(left), 81, of the 
Providence Health 
System in Portland, 
Oregon, share the 
clinical research 
award. Starr devel- 
oped a mechanical 
heart valve that was first successfully implanted 
in 1960. Carpentier took the technology a step 
further by using pig valves after encountering a 
patient with a mechanical valve who'd been 
paralyzed by a blood clot. The man, he remem: 
bers, had been an artist but could no longer 
wield a paintbrush. Carpentier was inspired “to 
devote my professional life to finding valves 
that wouldn't pose a clotting risk. Heart valves 
today help save 300,000 people a year. 

The Lasker Foundation also honored 
Anthony Fauci, 66, director of the National 
Institute of Allergy and Infectious Diseases, for 
building up U.S. government programs on AIDS 
and biodefense 


HEINZ AWARDS. A Nebraska mom whose con- 
cern for her son’s well-being led her to launch 
a campaign against drinking-water pollution 
has wona share of the $250,000 environmen- 
tal prize awarded by the Heinz Family 
Foundation. Susan Seacrest, who started the 
Groundwater Foundation 2 decades ago, 
shares the award with civil engineer Bernard 
Amadei, founder of Engineers Without 
Borders, a Colorado-based nonprofit that 
implements clean water, sanitation, and other 
engineering projects in developing communi- 
ties around the world. Read about other Heinz 
| Awards winners at www-heinzawards.net. 


IN THE COURTS >> 


A RULING DEFIED. A fight over water rights 
is the Latest wrinkle in the controversial and 
long-delayed plan by the U.S. government to 
build a nuclear waste dump in the Nevada 
desert. 

On 31 August, federal District Judge 
Roger L. Hunt ruled that Nevada's state engi- 
neer could deny water to teams drilling for 
rock samples atthe sit of the planned Yucca 
‘Mountain Repository, 140 km northwest of 
Las Vegas. The Department of Energy (DOE) is 
supporting the drilling to gather data for a 
license that it plans to file next summer to 
build the $58 billion facility to store waste 
from the country’s 104 nuclear power plants, 
which most state officials and residents bit- 
tery oppose. 

Hunt blasted DOE for ramping up its 
drilling program 5 years after Congress 
approved the project. “The Court entertains 
the suspicion that either DOE wants to look 
busy, or it wants to keep its contractor occu- 
pied during its lengthy delays in filing for a 
license,” he wrote. 

DOE declined to comment, citing the 
‘ongoing litigation, but geoscientists famil- 
iar with the project say the drillers are most 
likely studying the area's seismic and vol- 
<anic history. The work continues, with DOE 
officials asserting that Hunt's ruling doesn’t 
apply to the 58 boreholes due to be com- 
pleted this month. Nevada has vowed to 
keep up the fight. “One way or another, 
we're going to try to get the court to assist 
us,” says Steven Frishman, technical policy 
coordinator for the Nevada Agency for 
‘Nuclear Projects. 
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Homo erectus 


Continuing Indonesian Quakes 
Putting Seismologists on Edge 


How predictable are earthquakes? Most 
seem to barge in unannounced, but many 
ists have long seen evidence 


that—at least in some places—the same 
faults break over and over, producing similar 
ssat roughly similar intervals, This reg- 
they say, may offer a chance of fore- 
ting earthquakes. The recent run of large 
quakes off the Indonesian island of Sumatra, 
‘which began with a megaquake and tsunami 
in 2004 and continued last week, is provid- 
ing fodder for both sides in the debate over 
whether earthquakes behave consistently 
enough to be reliably anticipated 

Both sides now have their eyes on one 
ion of the fault offshore of the coastal 
Sumatran city of Padang. If that part of the 
fault follows the pattern some geologists 
expect, a tsunami-generating magnitude-8 
or larger quake could well strike there in the 
coming months, “It's really looking ominous 
to me,” says geologist Kerry Sich of the 
California Institute of Technology (Caltech) 
in Pasadena, who is watching developments 
‘while on sabbatical in nearby Singapore. 


The great Asian quake and tsunami of 


December 2004 certainly caught researchers 


21 SEPTEMBER 2007 


But once alerted, they knew 
o look for the next big one 
the south of the December break. The earlier 
rupture would have transferred stress down 
the fault to the next 350-kilometer-long seg- 


ment, which last broke in 


1861 


ra 


Sure 


= 


VOL 317 


nough, a 
magnitude-8.7 quake 


ou 


102 


fod 


a) 


Behind the latest 
gene therapy death 


Amilder shock. A suprisingly small quake generated 
‘only small tsunami waves. 


reruptured that segment in March 2005. If 
segments of the offshore Sunda fault contin- 
ued chatting in this “language of str 
the researchers believed, the next quake 
should break all or part of the adjacent 
700-kilometer segment to the south. That 
segment hadn't ruptured since 1833 (in the 
south) and 1797 (in the north). 

Last week's quakes off Sumatra offer 
some support for the idea that similar earth- 
quakes repeat on the same fault segment at 
similar intervals, perhaps after feeling a 
nearby quake. The classic characteristic 
quake repeatedly struck Parkfield, Califor- 
nia, from the 19th century into the 20th c 
tury. But as seismologists were reminded by 
Parkfield’s misbehavior in its last appear 
ance (Science, 8 October 2004, p. 206), 
fault behavior and communication can be 
frustratingly subtle, even perverse. Last 
week, on 12 September, a magnitude-8.4 
quake did indeed strike south of the 2005 
break. But it wasn’t the quake called for in 
the stress communication script. The 
sequence of 2004, 2005, and now 2007 
quakes skipped over the segment that last 
broke in 1797. Instead, much of the 1833 
segment broke farther to the south, 

Even f the latest quake ruptured the same 
part of the fault as before, that fault slipped 
only a couple of meters, Sich says, not the 

10 meters it slipped in 1833, That made the 
quake one-twentieth the size in terms of 
energy released. So the falling dominoes 
}) from the north for some reason passed 
over a fault segment that had accumulated 
200 years’ worth of'stress. And a more dis- 
tant fault did fail, but notin the characteris 
tic quake that might have been expected. 

Some seismologists see the magnitude- 
8.4 quake and an accompanying pair of 
magnitude-7 quakes as another sign that 
quakes mostly pop off in a range of sizes 
and break a largely unpredictable assort- 
‘ment of fault segments, “This sure looks > 


Second-generation quakes. The 2004 great 
‘earthquake (red star and light-blue zone) on the 
Sunda Trench fault (red line) triggered the 2005 
Quake where the fault ruptured in 1861, but the next 
rupture came far to the south, leaving the fault off 
Padang asa lingering threat. 
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like a large distribution of magnitudes” 
generated by a random process, says ge0- 
physicist Eric Geist of the U.S. Geological 
Survey in Menlo Park, California, who 
doubts that the 2005 quake could have 
reached this far south to trigger the next one, 

Others are more open to a link to the previ- 
ous rupture, “It’s hard for me to imagine that 
after 170 years of no [langer-than-magnitude-8] 
earthquakes, the 2004, 2005, and 2007 earth- 
quakes aren't somehow involved in triggering” 


2005 quake. His 


Tsunami Warning System Shows Agility— 
And Gaps in Indian Ocean Network 


Within 15 minutes after a magnitude-8.4 earthquake rocked Indonesia's 
Sumatra island last week, tsunami wamings were baring from masque loud 
speakers in local villages. By then, many residents had already fled. "We tell 
people that if the shaking is strong, don’t wait for a waming, evacuate,” says 
Patra Rina Dewi, executive director of the Komunitas Siaga Tsunami (Kagami, 
‘a nonprofit in Padang, Indonesia, For several hours after the quake, small 
tsunamis hit Sumatra’s west coast, causing minor damage but no casualties. 

Indonesia's warning and similar alerts across the region were the fruits 
of a nascent indian Ocean Tsunami Warning and Mitigation System. Offi- 
cials are pleased with the performance of the partly deployed operation, 
which relies on a network of sensors, But the experience also reinforced 
the notion that technology is just one facet ofa strategy, along with boost- 
‘ng awareness and developing evacuation and response plans. 

The need for tsunami preparedness was driven home by the 26 Decem- 
ber 2004 magnitude-9.3 earthquake off Sumatra that triggered a monster 
tsunami, Many of the 230,000 deaths could have been prevented had 
coastal dwellers been warned of the impending waves. 

In response, Indian Ocean nations, buttressed by the United Nations 
Educational, Scientific and Cultural Organization's Intergovernmental 
Oceanographic Commission and donor countries, started stitching 
together the Tsunami Warning System, a $130 million network of seis- 
‘mometers, buoys for measuring swells, sea-bottom pressure sensors, and 
tide gauges, as well as mechanisms for sharing data (Science, 9 December 
2005, p. 1602). Only a handful of the deep-ocean sensors are in place, 
and countries are stl installing setsmometers and tide gauges. 

Relying solely on seismic data to determine the magnitude and loca- 
tion of the 12 September earthquake, Indonesia's Meteorotogical and 
Geophysical Agency issued a tsunami warning to authorities near the epi- 
center “within 5 minutes of the earthquake,” boasts Fauzi, an offical in 
charge of tsunami warnings, who, like many Indonesians, has only a given 
name, Residents fled low areas on their own initiative—a good response, 
says Kogami’s Dewi. But she would like to see accurate and timely follow- 
tp advice based on an analysis of sensor data on whether a tsunami is 
actually on its way. Fauzi says that’s his agency's goal. 

Other countries, withthe advantage of distance from the epicenter, were 
able to forecast the threat more accurately. The Indian Tsunami Warning Sys- 
tem, at India's National Centre for Ocean information Services in Hyder- 
abad, picked up the quake on its seismometers and put authorities on the 
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subsequent earthquakes, says Sich, who, with 
colleagues, published a forecast for a post- 
tech colleague, seismolo- 
gist Jean-Philippe Avouac, agrees. Stress from 
the 2005 rupture may have propagated farther 
but more slowly along the deep parts of the 
fault to trigger last weeks quake, he says. 

However this fault is working, last week's 
events are both good news and bad news for 
people in the region of Padang, says eismolo- it’ 
gist John McCloskey of the University of 


Insights from 
of the tongue 


Ulster in Coleraine, UK. Good news in that the 
magnitude-8.4 quake relieved some of the 
stress on the fault; the next quake could be in 
the low 8s rather than pushing a 9. But bad 
news in that last week's activity could only 
have increased the stress on the segment off 
Padang, making another rupture more likely. 
The threat of another huge quake has receded 
there, says McCloskey, "but in terms of an 8, 
still the most likely place on the planet” 
“RICHARD A. KERR 


sssment and 


DARTs anyone? Deep-ocean 
Reporting of Tsunamis (DART) buoys in the 
Indian Ocean aid tsunami warning efforts 


‘Andaman and Nicobar idands on alert but stopped short of issuing a warn- 
ing. After weighing data from tide gauges and recently placed ocean-bottom 
pressure sensors, the Hyderabad staff concluded that neither the islands nor 
the mainland faced a tsunami. Three hours after the earthquake, India 
issued an “al clear.” The network “performed admirably,” says Vinod Menon 
of the National Disaster Management Authority in New Delhi. But Menon 
admits that poor communications left people in some coastal regions in a 
panic. “Messaging and outreach really needs to be fine-tuned,” he says, 

Thailand’s National Disaster Warning Center also concluded early on 
that the chance of a tsunami was small. It alerted officials to stand by but 
issued no public statements. Smith Dharmasaroja, chair of the National Dis- 
aster Warning Administration committee, ays the center worried about los- 
ing public trust if it broadcast warnings unnecessarily. But many residents 
heard from the news that warnings had been issued in other countries and 
evacuated on their own. The center has revised its procedures and, when the 
next big quake strikes, will issue bulletins to keep the public informed, 

Sri Lankan officials, meanwhile, played it safe and evacuated people 
from areas hardest hit by the 2004 tsunami. Writing in Sri Lanka's Sunday 
Times on 16 September, Dulip Jayawardene, former director of the Geo- 
logical Survey Department, called on the government to “train seismolo- 
gists and geophysicists in interpretation of seismic data” for more accurate 
tsunami forecasts. 

The latest earthquake to rattle South Asia provided “the best drill 
ever,” says Tevida Kamolvej, a disaster management expert at Thammasat 
University in Bangkok. Now, she says, it’s time to find the gaps in the sys- 
tem and fill them. DENNIS NORMILE 
With reporting by Pllava Bagla 
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Arecibo Advocates Agitate 
To Reverse Planned NSF Cut 


Supporters of the world’s largest radio tele- 
scope in Arecibo, Puerto Rico, gathered last 
week in the shadow of the US. Capitol in 
hopes of keeping the observatory alive. But 
time is running short, and the advocates face 
an uphill struggle to keep the 40-year-old 
observatory, whose receiving dish extends 
305 meters actoss a natural sinkhole, oper- 
ating into the next decad 

Last fill, the National Science Founda- 
tion (NSF) endorsed the recommendations 
ofan independent panel to reduce the astron- 
omy division's support for Arecibo from 
$8 million to S4 million to free up funds for 
new projects such as the Atacama Large Mil- 
limeter Array being builtin Chile (Science, 
10 November 2006, p. 904). All NSF fiand- 
ing for the telescope would cease after 2011 
if outside donors can’t be found, although 
the observatory’s planetary radar could 
close as early as October 2009, says Robert 
Brown, director of the National Astronomy 
and lonosphere Center (NAIC), based at 
Arecibo and operated by Cornell University. 

The radar is especially important for 
imaging planets such as Venus and comput- 
ing exact trajectories of near-Earth objects 
that might pose a hazard, NASA decided in 
2001 to halt funding for the radar, which 
now costs $1 million a year to operate, in 
orderto focus on space-based observatories. 

Brown, who helped organize last week's 
‘meeting in Washington, D.C., argues that the 
independent panel's recommendations are 
outdated because their premise—that NSF's 
stronomy budget would remain static: 
now seems unlikely, given the strong politi- 
cal support for increased federal spending in 
the physical sciences. “The plan ... should 
be rethought,” he says. One New York legis- 
lator who sits on the powerful appropriations 
committee and is a leader of the Hispanic 
community is already convinced. “The 
Arecibo Observatory is an important scien- 
tific tool for our nation,” says Representative 
José Serrano (D-NY). “I will be monitoring 
its funding situation and making sure that the 
correct decisions are being made.” Serrano 
declined to say how and when he might push 
for more money. 

That appeal to Congress doesn’t sit well 
with NSF officials. “We commissioned a 
panel to determine scientific priorities” 
says Wayne van Citters, who heads the 
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‘Venus finder. Tis radar image of Venus is made up 
‘of data from both NASA's Magellan spacecraft and 
‘Arecibo, which peered beneath the planet's total 
oud cove. 


agency's astronomy division, “To involve 
Congress in one aspect of itis not a produc: 
tive way to go.” Van Citters fears that legis- 
lators might shift money from newer, more 
promising projects. “We have to recognize 
{there are} limited funds,” says Garth flingworth, 
a University of California, Santa Cruz, 
astronomer at Lick Observatory, who also 
serves as chair of the Astronomy and Astro- 
physics Advisory Committee that advises 
NSE, NASA, and the Department of Energy. 
Focusing on whole new wavelength areas 
may be more appropriate 

One participant at the meeting, held in a 
building near the Capitol, complains that 
the NSF panel underestimated the impor- 
tance of the radar. Steven Ostro, an 
astronomer at the Jet Propulsion Laboratory 
in Pasadena, California, says that Van 
Citters “effectively stonewall 


purview. But Van Citters says that NAIC and 
Comell proposed to cut the radar to cope 
with the decreasing budget, without prod- 
ding from NSF. 

Brown says that the Puerto Rico govem- 
‘ment, private individuals, and commercial 
companies have expressed some interest in 
supporting the telescope’s operations, 
including the radar. And although Van 
Citters says he’s optimistic that a white 
knight will appear, he warns that any plan to 
keep Arecibo going “has to be sustainable.” 

“ANDREW LAWLER 


The Young and the Innovative 
Ate early-career scientists more likely than 
their senior colleagues to suggest out-of-the- 
box research? That's the thinking behind a 
‘new grants program at the National Institutes 
of Health (NIH) that gives junior faculty mem- 


bers a chance to launch their biomedical 
research careers, 

week, the agency announced the 
batch of 29 awardees for the 5-year, $1.5 mi 
tion New Innovator Awards, Ideas from the 
2200 applicants, who have never received an 
individual-investigator NIH grant and who 
earned their Ph.D. in the past 10 years, run 
the gamut from basic to therapeutic research. 
“Early-career types are historically the ones 
who come up with the most innovative ideas,” 
says Jeremy Berg, director of the National 
Institute of General Medical Sciences, adding 
that he hopes the awards pave the way to sub- 
sequent ROL grants, NIH also announced the 
fourth round of Pioneer Awards to established 
investigators, -YUDHIJIT BHATTACHARJEE 


t 


Peru to Get Artifacts 


Artifacts recovered from the famed Inca site of 
‘Machu Picchu are going home. After years of 
squabbling, Yale University this week agreed to 
‘etuen more than 350 pieces uncovered by 
Yale archaeologist Hiram Bingham II in the 
1920s. Yale maintained it had approval to 
remove the artifacts, but Peru insisted that they 
be returned and recently threatened to go to 
court. Under the deal, Yale acknowledges Peru's 
tile to the material but retains an unspecified 
number of artifacts. I wil also co-sponsor a 
traveling exhibit that wil raise money for a 
‘museum in the ancient Inca capital of Cuzco to 
‘open by the centennial of Machu Picchu’ redis- 
covery by Bingham in 2011. Yale President 
Richard Levin says the agreement sets “a new 
model” for collaboration. “ANDREW LAWLER 


China's Spending Boom 

China is continuing to pour money into research. 
‘Anew government report says that spending 
this year has reached $40 billion, up 22% to a 
record-high 1.4% of gross domestic product, 
with 72% of that coming from the private sec- 
tor. China's RED spending has risen by 19% a 
year since 1995, according toa new analysis by 
the Organisation for Economic Co-operation 
and Development (OECD). That sustained surge 
hhas moved China into sixth place globally, says 
the OECD report, but it adds that top-down 
decision-making and alimited investment in 
basic research have hindered the payoff from 
such investments DENNIS NORMILE 
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PALEOANTHROPOLOGY 


A New Body of Evidence Fleshes Out Homo erectus 


‘The long-legged human ancestor Homo erectus 
is known for breaking records: It has been 
seen as the first globetrotter, the first inventor 
of stone hand axes, and the first human to 
dramatically expand its brain and to reach the 
height of people today. But such views of the 
body of #1, erectus rely heavily on a single 
partial skeleton of a strapping youth from 
Nariokotome, Kenya. Now the discovery of 
incredibly rare trunk and limb bones of early 
H. erectus shows that the species wasn't 
always so tall and brainy—and, according to 
some interpretations, suggests that it may 
have emerged in Asia, not Africa 

In this week's issue of Nature, 
researchers unveiled 32 postcranial bones 
from three adults and a teenager who lived 
1.77 million years ago at Dmanisi, Geor- 
ia. The hominids resembled the Narioko- 
tome Boy but would have stood only as 
high as his shoulders, “All of the individu- 
als are small—they are not NBA players; 
says team leader David Lordkipanidze of 
the Georgian National Muscum 
in Tbilisi, Although their feet 
and body proportions are mod- 
cer, the Dmanisi skeletons had 
more primitive shoulders and 
arms and are considered the 
most primitive members of 
H, erectus yet found 

But not everyone agrees. 
‘The bones are so primitive that 
1 few researchers aren't even 
sure they are members of 
Homo. “They are truly transi- 
tional forms that are neither 
archaic hominins nor unam~ 
biguous members of our own 
genus,” says paleoanthropolo- 
gist Bernard Wood of George 
Washington University in 
Washington, D.C. 

The debate reflects how little 
is known about the murky 
period at the dawn of our gent 
partly because there are so few 
fossils of postcranial bones. The 
famous partial skeleton of Lucy 
offers a view of Australopithe- 
cus afarensis, which lived 
3.6 million to 3 million years 
ago. But the next good window 
into body anatomy doesn’t 
appear until 1.55 million years 
ago, with the 12-year-old Nar- 
iokotome Boy from Kenya. He 
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had a dramatically bigger brain and would 
have stood about 180 centimeters tall had he 
survived to adulthood. “We've got Lucy's 
body and then Nariokotome, and this gap in 
the middle with a lot of scrappy stuff in 
between,” says paleoanthropologist Susan 
Antén of New York University. The earliest 
of those in-between fossils have been 
called H. habilis, which is something of a 
grab bag species for specimens too small or 
primitive to be considered H. erectus 

The remarkably well-preserved Dmanisi 
fossils, among the earliest members of 
H. erectus found anywhere, fall into that 
gap. The posteranial bones, some of them 
articulated with each other, fit nicely with 
four previously published small skulls. The 
skeletons suggest that the Dmanisi people 
ranged from 145 to 166 centimeters tall and 
weighed between 40 and 50 kilograms. 
bigger than an australopithecine but on the 
very low end of the range for modern 
humans. These small specimens also fit with 


Short people. Skeletons from Dmanisi, Georgia, shown on a 
{forested landscape are surprisingly short-statured. 


tiny H, erectus skull from Kenya published 
last month (Science, 10 August, p. 733). But 
another African #. erectus skull is both 
225,000 years older and larger, so the 
species now encompasses a wide size range, 
pethaps because of sexual dimorphism 
between males and females or adaptations 
to varied habitats. 

The Dmanisi skeletal bones also have 
other primitive traits: The bone of the 
upper arm is straight rather than twisted, 
and the shoulder blades might have been 
closer to the sides rather than the back, 
Those traits are seen in australopithecines 
and also in the tiny 18,000-year-old 
H, floresiensis from Indonesia (Science, 
19 May 2006, p. 983). Nariokotome Boy's 
upper arm bone is incomplete but looks 
relatively straight, In any case, the Dmanisi 
bones suggest that a dramatic reorganiza- 
tion of the orientation of the upper arm and 
shoulder, which allows overhead throwing 
(and piano playing), came relatively tate in 
the evolution of humans, Yet the small- 
brained Dmanisi people were adept at 
using their archaic arms to butcher meat 
with stone tools, 
Zollikofer, a ncurobiologist at the Univer- 
sity of Zurich, Switzerland, 

The fossils’ small size might suggest 
they belong to H. habilis or a new spe 
but their more modern traits, such as long 
legs and modern body proportions, place 
them in #7, erectus and show they were 
adapted for long-distance locomotion, says 
Zollikofer. Their feet are also quite modern, 
including a big toe that was not grasping, as 
in apes and australopithecines. 

Lordkipanidze thinks the fossils were 
either very carly H, erectus or “the best can- 
didates to be the ancestors of H. erectus.” He 
suggests that they arose in Asia from an early 
‘Homo that was part of a very early radiation 
out of Africa. Some of the Dmanisi fossils’ 
descendents retuned to Africa while others 
spread out later into Asia as full-fledged 
H. erectus. Paleoanthropologist Alan Walker 
of Pennsylvania State University in State 
College doesn’t buy that scenario. He and 
Antén prefer a model in which the species 
arose in Africa and continued to evolve sep- 
arately on different continents—including at 
Dmanisi—giving rise to variation as it 
adapted to different habitats. Either way, 
“the real story here is variation, variation, 
variation,” says co-author Philip Rightmire 
of Harvard University. ANN GIBBONS 
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GENE THERAPY 


Questions Remain on Cause of 
Death in Arthritis Trial 


‘An investigation into the death of a 36-year-old 
‘woman in a gene therapy trial has revealed a 
complex tragedy but reached no firm conclu- 
sion on whether the experiment was to blame. 
At a meeting this week, the National Institutes 
of Health's Recombinant DNA Advisory 
Committee (RAC) largely discounted a theory 
that a vector used in the trial multiplied out of 
control, among other hypotheses. Participants 
noted that the patient apparently 
died because she had a severely 
compromised immune system and 
succumbed to a fungal infection. 

Gene therapy, which has been 
blamed for two deaths in the past 
8 years, did not get chanted with a 
third. Some concern had focused 
‘on the popular vector used in this 
experiment, adeno-associated 
Vinus (AAV). Results presented at 
the meeting did not challenge the 
consensus that itis relatively safe, 
However, questions remain about 
how well the patient was informed 
and how she was selected for the 
trial; her disease was not life- 
threatening. Concluded Arthur 
Nienhuis, president of the Ameri- 
can Society of Gene'Therapy: "We 
see areas in which we need to be concerned” 

The patient, Jolee Mohr of Springfield, Ili- 
nois, had suffered from rheumatoid arthritis 
since she was. Through her rheumatologist, 
she enrolled ina phase Vl safety trial of anew 
treatment for arthritis sponsored by Targeted 
Genetics Corp. in Seattle, Washington, The 
study involved injecting into joints AAV that 
carried a gene coding for a protein that inhibits 
4 proinflammatory cytokine called tumor 
necrosis factor ot (TNF-«.). Mohr received an 
initial injection inher right knee on26 February 
and a second on 2 July. 

‘After the second injection, she developed 
flulike symptoms. Ten days later, she was 
admitted to the hospital and was later trans- 
ported to the University of Chicago Hospi- 
tal, Shedied there after massive organ failure 
‘on 24 July. The Food and Drug Administra- 
tion immediately put the trial onhold (Science, 
3 August, p. $80), 

The main cause of death was apparently 
infection with Histoplasma capsulatum, a 
common fungus, University of Chicago doc- 
tors said at the RAC meeting. Mohr’s liver, 
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lungs, and other tissues were “loaded with” 
the organism, which was not picked up in lab 
tests during her hospitalization, reported 
pathologist John Hart of the University of 
Chicago Medical Center. In addition, she had 
large abdominal hematoma, or a blood clot. 

Tests done after Mohr died show that she 
already had a mild Histoplasma infection 
‘on 2 July: Because she also tested positive for 


‘Medical mystery. it’s not clear whether gene therapy contributed 
to the death of 36-year-old Jolee Mohr, shown with her family. 


herpes simplex virus, some experts have sug- 
gested that herpes proteins, along with wild 
AAY, could have helped the AV vector to 
replicate and weaken her immune system. But 
although the AAV vector did escape from the 
injected joint to other tissues, the levels were 
extremely low, making it unlikely the virus 
was replicating, RAC found. 

A more likely culprit is an immune- 
suppressing drug she was taking. This drug. 
called Humira, is a TNF-a. blocker like the 
‘gene therapy product and has been associated 
with Histoplasma infections. One possibility 
is that the combination pushed Mohr over the 
edge. The RAC members hope anexperimen- 
tal assay can tease apart levels of gene prod- 
‘uct and drug in Mokr's blood. 

More definitive results should be avail- 
able by the next RAC meeting in December, 
said chair Howard Federoff of Georgetown 
University in Washington, D.C. Meanwhile, 
however, Federoff and others say other ques- 
tions remain unanswered—such as whether 
Mohr realized that patients weren't expected 
tobenefit from this study. ~JOCELYN KAISER 


Taking ADHD to Heart 


US. academic researchers are teaming up with 
health insurers to learn whether drugs used to 
treat hyperactivity also cause heart problems, 
They willbe looking at the health records of 
'500,000 children and adults who have taken 
any ofa half-dozen drugs for attention deficit 
hyperactivity disorder (ADHD) in search of 
higher rates of sudden cardiac death, heart 
attacks, and stroke, The $4 million study may 
also provide clues about "how risk changes 
with age, gender,” and other variables, says 
‘Michigan State University’s Marsha Rappley, 
chair ofthe pediatric advisory committee at the 
Food and Drug Administration. FDAis cofunding 
the study with the federal Agency for Health- 
care Research and Quality, 

JENNIFER COUZIN 


Space for Rent... 


With no money for new biomedical research 
aboard the international space station, NASA is 
hoping that a sister agency will open its pocket- 
‘book. A new agreement between NASA and the 
‘National Institutes of Health is intended to 
‘open doors for NIH-funded scientists propos- 
ing projects to take advantage of the station’s 
‘microgravity environment. “The funding will 
come if we have competitive, highly meritori- 
‘ous grants,” says cell biologist Danny Riley, 
president-elect of the American Society for 
Gravitational and Space Biology. The station is 
scheduled to open for business in 2011. 
BENJAMIN LESTER 


... And Google Air? 
Two Gulfstream jets took off recently from 
NASA Ames Research Center at Motfett Field 
in California to observe a meteor shower high 
above the haze of San Francisco Bay. The 
front-row seats for astronomers came courtesy 
of a deal between NASA and a private com 
pany run by Larry Page and Sergey Brin, 
founders of the internet giant Google, 

last month, NASA granted the planes access 
to Moffett Field, located near Google's base in 
Siicon Valley and typically off-timits to private 
aircraft, in exchange for ther use on research 
‘missions. The two Gullstreams and a Boeing 767 
willbe housed for $1.3 milion to $2.3 million a 
year, says Steven Zorneteer, Ames associate 
director for institutions and research, and outfit- 
ted with a suite of atmospheric sensors that will 
be activated whenever the planes are in the ai. 
Outside researchers, wha are welcome to submit 
proposals, may be attracted tothe king-sized 
bbeds on the Boeing jet, whose commercial ver- 
sion carries 180 passengers. -ANDREW LAWLER 
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Panel Gives U.S. Program Mixed Grades 


‘Anexpert panel says the Bush Administration 
deserves"a paton the back” for advancing the 
science of climate change. But the scientists 
assembled by the National Academies’ 
National Research Council (NRC) have seri- 
‘ous concerns about the management, funding, 
and emphasis of the $1.7-billion-a-year 
Climate Change Science Program (CCSP). 

President George H. W. Bush created the 
US. Global Change Research Program in 
1990 to bring under one umbrella the govern 
ment’ efforts to understand climate change. 
In 2002, his son reshufled the climate deck 
to ereate CCSP. Last week, the NRC panel 
took the first outside look at that program and 
concluded, says chair V. Ramanathan, an 
atmospheric scientist at the Scripps In 
tion of Oceanography in San Diego, Califor- 
nia, that its efforts to understand how and 
‘why climate has changed and to make predic- 
tions are “proceeding well” 

‘At the same time, the 15-member panel 
identified serious shortcomings. The coun- 
try’s ability to monitor climate is being 
eroded, it says, by a projected one-third 
reduction in the number of operating instru- 
ments by 2010, “The loss of existing and 
planned satellite sensors is perhaps the sin- 
‘tle greatest threat tothe future success of the 
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‘Wants more. NRC committee chair V. Ramanathan 
‘sees progress and shortcomings in U.S. effort. 


CSP" the report concludes. 

The report also criticizes the program's 
management structure, “Interagency working 
group members often have little budgetary 
authority to implement the research directions 
that they define,” the panel wrote, because the 
program only controlsthe $1.4 million needed 
tomanage its nine-person office. Ramanathan 
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says CCSP often can make progress only 
when its interests happen to coincide with 
those of the 13 participating agencies, 

‘Ramanathan says he’s troubled by the pro 
gram’s limited success in “assessing [climate 
change] impacts on human well-being and 
adaptation capacities.” Those assessments 
would require reliable forecasts of climate 
change at the regional if not the local level, 
Ramanathan notes, a capability the world’s 
climate modelers are still struggling with, 
But gauging impacts on humans and figuring 
out how humans might adapt to climate 
change will take far more than the $20 million 
per year now spent within the program on 
social science studies, the committee said, 
It will also take better communication 
between the program and business interests, 
other agencies, and the general public. For 
starters, 21 synthesis and assessment reports 
were due from CCSP by now, but only two 
have been delivered. 

John Marburger, the president's science 
adviser, called the review “thoughtful” and 
ssid the Administration would “take their rec- 
ommendations very seriously.” The same 
NRC committee is already working on a s 
‘ond report, due out early next year, on how to 
improve the program, RICHARD A. KERR 


Australian Scientist to Head California Stem Cell Effort 


California has landed one of the biggest fish 
i in the Pacific to head its stem cell venture, 
Ff Late last Friday, the board of the California 
§ Institute for Regenerative Medicine (CIRM) 
i approved the appointment of Alan Trounson, 

one of Australia’s premier researchers, as the 
8 institute's president. 

Trounson, director of stem cell research at 
Monash University in Melbourne, Australia, 
thus joins the international roster of big-name 
researchers who have been lured by Califor- 


ings are booming in California right 
now” says former CIRM president Zach Hall, 
‘who says Trounson’s varied experience makes 
him “almost uniquely qualified for the job.” 

‘Trounson says things happened fast. “I was 
passing through California 6 weeks ago” 
when CIRM’s board chair Robert Klein, 
whom he had met in Melbourne last spring, 
encountered him at a dinner and asked if he 
‘was interested in the job. “I thought he must 
have been joking.” says Trounson. 
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Trounson, 61, began his career working on 
sheep and cattle reproduction but quickly 
made aname forhimself in human in vitro fer- 
tilization. He was neck and 
neck with James Thomson of 
the University of Wisconsin, 
Madison, inthe race tocultivate 
the first human embryonic 
stem cell lines in 1998. He is 
also well-versed in managerial 
and entrepreneurial issues as 
founder of a number of Au 
tralian biotech companies and 
co-founder of the Singapore- 
based ES Cell International 
Those who know Trounson 
say his personal skills should 
‘make for smooth relations with 
Klein, who has more than once 
ruffled colleagues with his propensity to take 
unilateral actions. “Alan is charming, ... a 
lovely human being,” says stem cell researcher 
Evan Snyder of the Burnham Institute in San 
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Big fish, lan Trounson expects 
to start by year’s end 


Diego, California, Johns Hopkins University 
researcher John Gearhart says he has “political 
savvy” on top of a “very broad base of knowl- 
edge.” Trounson himself likes 
to talk about “partnerships 
in this case with Klein, whom 
he calls “visionary financier” 
Trounson is one of several 
stem cell scientists Australia 
has lost to the United States, 
including Martin Pera, now 
at the University of Southern 
California in Los Angeles, 
and Paul Simmons, now at 
the University of Texas, Hous- 
ton. Trounson has made it 
clear he regards the CIRM 
presidency as the capstone of 
his career. “I thought would 
another two or three Science papers make a 
difference, or would taking this job really 
make a difference? It'sa no-brainer to come 
here and do this” CONSTANCE HOLDEN 
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Dogs are helping to hunt down more 


——thian foxes and ions: Researchers are 
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increasingly relying on them to track 
down genes and pathways involved 


sine nine and human diseases 
eens 


The Geneticist's Best Friend — 


TALK ABOUT BLIND FAITH. TWENTY YEARS 
‘ago, Gustavo Aguirre and his colleague Gre- 
gory Acland were struggling to understand a 
common cause of inherited blindne: 
dogs. They had bred affected and unaff 
individuals and traced the inheritance pat- 
tems in the offspring, but “there was no hope 
of finding the gene,” recalls Aguirre, a vet- 
crinarian at the University of Pennsylvania’s 
School of Veterinary Medicine in Philadel- 
phia, At the time, researchers hadn't even 
ned numbers to the canine chromo- 
let alone begun to map the locations 
of genes. Nonetheless, “I decided that in the 
future, someone somewhere would come up 
with [a way] to come up with the gene,” he 
says. So they banked blood from their dogs 
and waited. 

Their patience paid off. A decade later, 
their freezers provided the raw material for a 
linkage map of the dog genome and, eventu- 
ally, the discovery of the long-sought gene 
for progressive rod-cone degeneration. With 
that map as a starting point, researchers have 
built a community that has proven the value 
of dog genetics not just for veterinarians and 
dog breeders but also for human geneticists. 

Dogs are a geneticist’s dream. Pure 
breeds, as the name implies, are often 
highly inbred for specific traits. They have 
large families and well-documented 
genealogies, all of which greatly simplifies 
the task of tracking down mutations that 
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cause disease or genes that underlie traits 
such as size, coat color, or even behavior. 
‘And the link to humans can be direct: The top 
10 diseases in dogs include cancer, epilepsy. 
allergy, and heart disease—disorders that 
affect many millions of people. Also, 
because dogs live in the same environment 
as people, they share some of the same envi- 
ronmental risk factors. Asa result, more and 
more researchers, including a consortium 


Dogged pursuit. Elaine Ostrander helped jump- 
start canine genomics. 


about to be announced in Europe (see 
1p. 1670), are turning to the dog for clues to 
human genetics. “All of a sudden, people 
from a wide range of disciplines can see the 
value, power, and practicality of genetic 
studies in dogs to shed light on issues of 
concem to them,” says Acland, a geneticist 
now at Comell University. 


Pooch politics 

Itwasn't always that way. In fact, ittook years 
of work by a small but dedicated band of 
researchers forthe dog’s scientific value to be 
appreciated. Jasper Rine got the ball rolling 
almost 20 years ago. A yeast geneticist at the 
University of California, Berkeley, he recog- 
nized that dogs were bred for specific behav- 
iors and that those behaviors probably had a 
very strong, and perhaps easily identifiabl 
genetic basis. Rine crossed Border collies 
with Newfoundlands to see if he could pi 
point the genes underlying the forme: 
predilection for herding and the latter's love 
of swimming Buthe lacked a key tool: amap 
of genetic markers—known stretches of 
DNA prone to variation—that he could track 
from parents to offspring to determine which 
‘were passed along with the best swimmers 
and which were associated with herding. The 
‘markers associated with a particular behavior 
should lie near genes that contribute to that 
behavior. To develop such a tool, Rine con- 
ceived the idea of.a dog genome project. 

For Elaine Ostrander, the timing was for- 
tuitous. She had just come to Berkeley in 
1990 as a postdoc to study plant genetics, and 
to tide her over until her new fellowship 
kicked in, she took a temporary job with Rine. 
Her assignment: to begin building the dog 
‘map. She never made it to the plant lab, When 
she leftin 1993 for the Fred Hutchinson Can- 
cer Research Center in Seattle, Washington, 
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she was a complete convert, as comfortable 
soliciting blood samples from breeders at, 
dog shows as she was poring over gels. Her 
puppy, a Border collie named Tess, became 
her lab’s mascot, providing Ostrander and 
her students with welcome distractions 
and, once, posing for the cover photo on 
Mammatian Genome. Ostrander’s home 
became a meeting place for colleagues inter- 
ested in promoting dog genetics. “She drove 
this whole canine genome initiative,” says 
Matthew Breen, a cytogeneticist at North 
Carolina State University’s College of Veteri- 
nary Medicine in Raleigh. 

Eventually, Rine closed down his dog- 
behavior studies for lack of funding and to 
avoid being hassled by animal-rights 
activists. Ostrander persisted on the map, but 
progress was slow until 1996, when she, 
Acland, and Aguirre joined forces. “We fig- 
tured out we needed to check our egos at the 
door and pool our efforts,” Ostrander recalls 
Because Aguirre and Acland had samples 
from a large number of dogs with known 
{genealogies spanning several generations, 
Ostrander and colleagues were able to deter- 
mine the relative order of scores of markers 
by following which ones were inherited 
together in these dog families. A year after 
they began working together, they produced 
the first map showing the positions of 150 of 
these markers on the dog genome. With this 
tool, they quickly narrowed down the loca- 
tion of the gene for progressive rod-cone 
degeneration to a region of chromosome 9, 
although it would take several more years to 
get to the gene itself. 

Very quickly, that map was superseded by a 
much more comprehensive one, a joint effort 


‘Community outreach. NHGRI's Heidi Parker gets DNA from a dog-show competitor. 
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by Breen, Ostrander, 
and Francis Galibert, 
a human geneticist 
at the University 
of Rennes, France 
Galibert, who became 
convinced of the value 
of dogs for gene 
hunting after hearing 
Ostrander give a talk at a Cold Spring Harbor 
Laboratory meeting, had located markers 
along the genome in a so-called radiation 
hybrid map. Ostrander and Breen added their 
markers toit tocreate a detailed atlas for track- 
ing genes. With it, researchers “could pull 
DNA samples from their pedigrees out of their 
freezers and begin to do genome scans,” 
Ostrander says. 

‘Ostrander and Aguirre had long suspected 
that dog studies could lead to the discovery of 
genes important to humans. “But atthe time, 
‘we were fighting the perception that dogs 
couldn't tell you anything,” recalls Aguirre. 
That changed in 1998, when Emmanuel 
Mignot of Stanford University in Palo Alto, 
California, and his colleagues tracked down a 
gene that causes narcolepsy in dogs. After a 
decade of work, they found causative muta- 
tions in the Hortr2 gene in narcoleptic dachs- 
hunds, Labrador retrievers, and Doberman 
pinschers, a discovery that clued researchers 
in to a new molecular pathway involved in 
sleep. With these results, “it was crystal clear 
that by studying dog genetics, we were going 
to learn things we couldn’t learn in mice? 
says Ostrander. 

That realization helped Ostrander achieve 
herultimate goal:a complete genome sequence 
of the dog. She and her colleagues had 


their appetites whet- 
ted when J. Craig 
Venter, then president 
of Celera Genomicsin 
Rockville, Maryland, 
turned his sequencing 
machines on his pet 
poodle, churning out a 
very rough sketch of 
its genome in 2001. An analysis was published 
2 years later (Science, 26 September 2003, 
p. 1898). About the same time, the National 
Human Genome Research Institute (NHGRI) 
atthe National Institutes of Health in Bethesea, 
Maryland, began supporting the deciphering of 
other vertebrate genomes, and Ostrander and 
her collaborators wasted no time writing up a 
white paper arguing that the dog be given high 
priority. She convinced the Broad Institute of 
the Massachusetts Institute of Technology and 
Harvard University in Cambridge, Massachu- 
setts—a leader in high-throughput genome 
sequencing and analysis—to sign on, In 2002, 
the dog beat out the catand the cow fora spotin 
the sequencing pipeline, 

Ostrander put out a call to dog breeders 
for a highly inbred candidate. (The more 
inbred the individual, the more similar the 
animal's two sets of chromosomes and the 
easier it would be to piece the genome 
together.) After studying hundreds of sam- 
ples of dog DNA submitted by owne 
‘Ostrander and her colleagues chose a boxer 
named Tasha as the first canine to have its 
genome deciphered, 

As part of that sequencing effort, 
researchers at the Broad Institute compared 
Tasha’s genome with the rough draft of the 
poodle genome and DNA sequences from 
nine other dog breeds and five wild canids 
and came up with 2.5 million single- 
nucleotide polymorphisms (SNPS); points on 
the genome where a change in a single 
nucleotide frequently occurs. The analysi 
published in the 8 December 2005 issue of 
Nature, “is a masterpiece.” says genetic 
Greg Barsh of Stanford University. Broad’s 
Kerstin Lindblad-Toh, who led the dog 
genome sequencing project, has since 
worked with Affymetrix in Santa Clara, Cali- 
fornia, to develop a SNP chip, a microarray 
that allows researchers to sereen samples rap- 
idly for these variations across the genome. 
Dog genetics studies were primed for takeoff, 
These tools, says Aguirre, “put us into the 
21st century” 


‘The power of inbreeding 

The dog’s power in tracking genes comes 
largely from inbreeding. “Each [breed] is a 
mini Iceland or Finland” explains Ostrander, 
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now at NHGRI. Many breeds stem from a few 
individuals whose progeny were interbred, not 
because of geographic isolation but to select 
for specific features and behaviors. Asa 
result, members of a given breed have 
extremely long stretches of identical DNA in 
common—millions of bases long compared 
to the typical tens of thousands of bases in 
humans. In humans, “there's a lot of back- 
‘ground cackling, but when you look at the dog 
‘genome, the message is loud and clear, with- 
out a lot of background noise,” Breen 
explains. That means researchers can track 
down recessive genes involved in disease 
‘using many fewer animals, They also need an 
order of magnitude fewer SNPs than are 
needed for human studies. 

The inbreeding in dogs is especially valu- 
able in studies of genetic risks in complex dis- 
eases, In people, different mutations, even dif- 
ferent genes, may be at fault in the same dis- 
ease. Dozens of genes contribute to the risk of 
‘common cancers, for example, with no single 
‘one jumping out as key. But because each dog 
breed is an isolated, inbred population that 
typically dates back just a few hundred years, 
nota lot of time has passed for the dogs in any 
‘one breed to develop multiple mutations for 
the same disorder, or for several mutations to 
have been introduced from outbreeding, “In 
dogs of one breed, you will have exactly the 
same mutation in the same gene,” geneticist 
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Mark Neff of the University of California, 
Davis, explains. Breeds derived from a com- 
‘mon ancestral breed might share a mutation, 
but distantly related breeds will not, offering 
the potential of revealing other genes, perhaps 
in the same pathway involved in a disease. 

To help sort out how different breeds are 
related to each other, Ostrander, Heidi Parker 
in her lab, and their colleagues have looked 
for genetic variants that are shared across 
breeds: The more shared variants, the more 
closely the breeds are related. They initially 
studied 85 breeds, and theresults helped them 
home in on a gene for short stature (Science, 
April, p. 112). They have now expanded the 
work—called the PhyDo Project—to 130 of 
the 155 breeds recognized by the American 
Kennel Club. In work in press at Genome 
Research, they report that breeds cluster into 


five genetically defined groups, with some 
subdivisions within each group. 

‘As these researchers will report, they have 
used these relationships to track down a gene 
causing collie eye anomaly, which is the 
canine equivalent of a human birth defect in 
‘which part of the eye does not form properly. 
In 2003, they had narrowed the gene's loca- 
tion down to a 1.7-million-base stretch of dog 
‘chromosome 37. Then they went further: “By 
comparing different herding breeds with the 
same disease, we whittled down {the possibil- 
ities] to four genes,” Ostrander explains 

A close look revealed the likely culprit: a 
gene called NHEJ/ missing 7800 bases. They 
found the same mutation in two more dis- 
tantly related breeds, Nova Scotia duck 
tolling retrievers and longhaired whippets, 
which likely had farm collies in their family 
trees, But unrelated sofi-coated wheaten ter- 
riets, which also get this disease, don't have 
the mutation, “We think we will be able to 
play that trick (of looking for mutations in 
closely related breeds) again and again," says 
Nathan Sutter, who recently left Ostrander's 
lab for Comell University 

PhyDo is also helping Ostrander’s group 
make sense of bladder cancers, Five breeds 
tend to develop this cancer, The most suscep- 
tible, with a 30-fold increase in risk, is the 
Scottish terrier. Three other at-risk breeds 
are terriers, which likely share the same 


Europe Going to the Dogs 


While US. researchers ere beginning o piecetogether the first genetic maps 
for dogs in the 1990s, University of Copenhagen pig researcher Merete 
Fredholm waswringingher hands n frustration atthe lack of funds to support 
European consortium with the same goal. But now, she and collaborators 
{rom more than 20 institutions are poised to make a champion showing inthis 
field, thanks to a pending European Union award for about $16 million. 

Named after the legendary wolf who nourished the founders of Rome, 
the LUPA consortium plans to get DNA samples and health histories from 
£8000 dogs and hunt down genes for 18 diseases, including four cancers, 
four inflammatory disorders, and three heart diseases. “We have decided to 
focus on certain areas and to standardize the clinical characterization of 
these diseases,” explains Leif Andersson, a geneticist at Uppsala University 
in Sweden. n thisway, they use the DNA from animals across different coun- 
tries, a5 well as across different breeds, to find genes. Once they have found 
the gene, they plan to see what role it plays in humans, says LUPA coordina- 
tor Michel Georges ofthe University of Liege in Belgium. 

Georges is a recent convert, having never studied dogs before. But join- 
ing him are key players in canine genomics. Kerstin Lindblad-Toh, who 
headed the dog sequencing project at the Broad Institute of Massachusetts 
Institute of Technology and Harvard University in Cambridge, Massachu- 
sets, is now spending three-quarters of her time at Uppsala University. “Her 
recognition, competence, and working capacity wil change [European dog 
genomics],” says collaborator Ake Hedhammar, a long-term dog researcher 
atthe Swedish University of Agricultural Sciences in Uppsala, who has used 
kennel club records and records from companies that provide health insur- 
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Best of Show. Olle Kimpe, Goran Andersson, Kerstin Lindblad-Toh, Ake 
Hedhammar, and Leif Andersson (left to right) have teamed up to tackle 
human diseases through dog studies. 


‘ance for pets to sort out which individual dogs and breeds are best suited for 


ses to push the field to warp speed. “We're 
going to learn a lot more about a lot of diseases,” says Elaine Ostrander, 
2 geneticist at the National Human Genome Research Institute in 
Bethesda, Maryland. Until recently, much of the high-profile work on dog 
‘genetics came from Ostrander and her collaborators, but already Europe 
is chuming out a slew of key papers. With LUPA, “there will be a lot of 
competition,” says Fredholm. EP, 
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‘mutation, But PhyDo data verify thatthe fifth 
susceptible breed, the beagle, is not at all 
related, so its bladder tumor risk probably 
stems from a different genetic abnormality. 


Dog fanciers 
Ostrander’s group is working with Carlos 
Bustamante of Comell University to make 
‘SNP profiles of individual breeds available in 
a public database called “CANMAP.” It 
should provide researchers and breeders with 
powerful tools to track down the traits in 
which they are most interested. Already, 
researchers are intrigued by the possibilities 

The data set includes wolves, the common 
ancestor of all dogs, which should give evolu- 
tionary biologists a “wonderful perspective 
‘on the evolution of the dog.” says collaborator 
Robert Wayne, an evolutionary biologist at 
the University of California, Los Angeles. 
Sincethe 1980s, he’s wantedto find the genes 
underlying the evolution of dogs and dog 
breeds, Back then, “it was clear we didn’t 
have the technology to address the basic ques 
tions,” he recalls. Now, says Sutter, by com- 
paring SNP profiles of dogs and wolves, “we 
will know what changes occurred in the dog 
during domestication. 

Stanford's Barsh has a different quarry 
in his sights, Over the past 15 years, 
he has worked on the genetics 
of coat color in mice, but 
recently he’s focused on dogs 
and is well on his way to under- 
standing the genetic basis of the 
stripes in the brindle coat of Great 
Danes, Like Barsh, Danielle 
Karyadi in Ostrander's lab is also a 
recent convert to dog genetics. She 
has spent much of her carcer chasing 
down genes that make people more 
susceptible to prostate cancer. Now, 
she has turned her attention to squamous 
cell carcinoma, a cancer found only in solid 

$ black dogs, such as poodles. “It will be 
really exciting when we can identify genes 

i in dog cancers” and use them to understand 
human cancers, says Karyadi 

% __ Lindblad-Toh has also been won over to 

§ the hounds. She specialized in human genet- 

i 
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ics when she came to Cambridge but by 
chance got roped into running the mouse 
genome sequencing project and eventually 
all mammalian sequencing projects at the 
Broad Institute. Working with European col- 
i laborators, Lindblad-Toh’s group has two 
8 papers in press demonstrating the power of 
2 genomewide association studies in dogs to 
B pin down genes. In one, they used fewer than 
§ two dozen boxers to track down the gene for 
§ white coat color. The gene is the same one 
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that is mutated in humans with Waardenburg 
syndrome, an inherited disease characterized 
by hearing loss and skin and pigmentation 
abnormalities, and in several mouse pigmen- 
tation disorders. A second study on Rhode- 
sian ridgebacks has led the group to a muta- 
tion possibly involved in neural tube defects, 
that study required fewer than two dozen ani- 
mals as well. “It shows how little material you 
need” says Ake Hedhammar, a geneticist at 
the Swedish University of Agricultural Sci- 
ences in Uppsala 

He and Lindblad-Toh expect to make 
progress understanding more complex dis- 
ceases as well. For example, boxers, bull terri- 
ers, and West Highland white terriers are 


Common ills. Dogs and 
‘humans suffer from many of 
the same diseases, such as 
atopic dermatitis Uf). 


~~... dermatitis, a skin disease 


that in both dogs and humans has environ- 
mental and genetic components. Genetic 
studies are under way in these breeds to find 
the genes that influence this risk. 


‘Awindow on behavior 
The rapid progress in dog genetics is prompt- 
ing some researchers to get back to studies 
that motivated a canine genome project in the 
first place: tracking down genes associated 
ith behavioral traits. Neff has teamed up 
with Illumina Ine. in San Diego, California, to 
use a microarray to look for SNPs associated 
vith “pointing.” About 40 breeds point— 
freezing and lifting a paw in the direction of a 
mabbit or other quarry. “I finally feel we have a 
chance to understand the behavior.” says Neff, 
who worked with Rine in the 1990s, 
Even with the best genetic resources, how- 
ever, the work is still challenging. “The prob- 
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lem is identifying the phenotype and separat- 
ing what is learned versus what they are born 
with,” says Parker. Adds Barsh: “We know 
\whether [a dog] is yellow or black, but some- 
times i's not so easy to tell how good a dog is 
at herding versus retrieving.” In Ostrander’s 
Jab, Tyrone Spady—who used to study visual 
behavior in fish— depends on DNA from dogs 
that live in different places, with different 
upbringings and lifestyles. So Spady asks 
‘owners to fill out questionnaires: how fre- 
‘quently does the dog chase otheranimals, what 
‘quarry gets it running, and so on. By pooling, 
surveys from many people, he corrects for bias, 
in the owners” responses and uses the data in 
genomewide association studies. 

‘Atthe Norwegian School of Veterinary Sci- 
cence in Oslo, Frode Lingaas is taking a similar 
tack in looking into “cocker rage” In this syn- 
drome, generally amiable pets tum on their 
‘owners, exhibiting frighteningly aggressive 
behavior. He and his European colleagues 
assess the dogs’ personalities through inter- 
views with the owners and questionnaires, 
Several hundred samples will come from Eng- 
lish cocker spaniets, but a few will come from 
English springer spaniels, which arealso prone 
to this mental disorder. These dogs should get 
the researchers close to the gene, and a com 
parison with golden retrievers, which can also 
be four-legged Jeckylls and Hydes, should get 
them within striking distance, Because mge is 
often a symptom in schizophrenia, bipolar dis- 
‘ease, obsessive-compulsive disorder, and other 
‘mental problems, finding this gene could help 
researchers understand why it develops in 
patients with mental illness. 

‘Swedish researchers have a leg up on 
Spady and Lingaas. In Sweden, breeders 
often evaluate their young dogs using a stan- 
dardized personality test. By looking at 
aggression, boldness, shyness, and sociabil- 
ity, they are able to better assess which ones 
should be trained as working dogs and for 
what jobs. So they have a lange data set to 
work with and are moving forward with those 
studies, says Hedhammar. And in Russia, a 
long-term breeding program in foxes has 
yielded docile, doglike animals whose genes 
might yield insights into what makes dogs s0 
affectionate and loyal. 

Although Ostrander is curious about the 
‘genetic basis of why dogs get sick, grow tal, 
‘or excel at hunting, the intimacy she and oth- 
cers share with their canine pets is not some- 
thing she cares to be intellectual about. Just 
the thought of the death of her labs mascot a 
‘yearago sill brings tears toher eyes, “There's 
Some genetics buried in that,” she says, “but I 
am going to leave that to someone else. 

ELIZABETH PENNISI 
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PLANETARY SCIENCE 


Is Mars Looking Drier and Drier 
For Longer and Longer? 


The more closely planetary scientists scrutinize the Red Planet, the less wet and 
weathered its surface appears to be, even in the solar system’s earliest days 


In recent years, “water, water everywhere” 
might have been the moto for Mars explo- 
ration. Shallow, salty seas ruled on early 
Mars, and water has been gushing down gul- 
lies in the geologically recent past, some even 
in the past few years, But the tide is now 
receding, atleast a ways. 

‘As highlighted in the 21 September issue 
of Science and elsewhere, more leisurely con- 
sideration of observations from rovers and 
orbits and the unprecedented detail aforded 
by Mars Reconnaissance Orbiter (MRO) 
the latest arrival at Mars—are 
bringing into question many car- 
lier geologic interpretations 
involving surface water. Mars has 
been “a desolate place for a lng 
time,” concludes geochemist 
Scott McLennan of Stony Brook 
University in New York state, 

The drier touch is the result of 
terabytes of data coming down 
from MRO’s High Resolution 
Imaging Science Experiment 
(HiRISE), which can image fea- 
tures such as boulder as small asa 
half-meter in size. With that power 
ful new resolution, HiRISE princi- 
pal investigator Alfied McEwen of 
the University of Arizona, Tucson, 
‘and his team went gully hunting. 

On page 1706, they report 
2 imaging the bright-looking deposits that 

appeared in two gullies between passes by the 
H Mars Orbiter Camera (MOC) onboard the 
2 now-defunct Mars Global Surveyor. From the 
$ way the bright material appeared to have 
i flowed, the MOC team concluded that it had 


bbeen charged with a fluid, presumably water. 
5 HiRISE has now discovered four other dis- 
tinctively bright gullies, but “we've seen 
nothing to confirm” the presence of water, 
3 says McEwen, “We could change our minds, 
3 but for now, there’s nothing here that isn’t 
explained just as well by a dry flow” of loose 
debris down Mars’s steepest slopes. 
2 — New gullies aren’t the only young, watery 
& features that the HiRISE team is calling into 
8 question. In a paper in press at Geophysical 
5 Research Letters, Frank Chuang of the Plane- 
& tary Science Institute in Tucson, Arizona, 
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‘Not so wet? Water may have had nothing to do with bright 
gully deposits (middle, above) or bouldery lowlands (right). 


‘McEwen, and colleagues report seeing a slight 
hollowing out of dark streaks running down 
martian slopes. A few researchers thought 
‘water might have caused such streaks (Science, 
30 March, p. 1788), but the relief detected 
through late-day shadowing suggests dry dust 
avalanches instead, the group says. 

Further back in geologic time, the HiRISE 
team is questioning some of its own aqueous 
interpretations. Most researchers believed 
that water, gushing from a great crack in the 
ground, sliced through lava flows to form 


Athabasca Valles (Science, 30 November 
2001, p. 1820). McEwen still thinks that the 
original valleys were probably cut by water, 
butnow with HiRISE’: greater resolution, the 
valleys and the sediments deposited there 
possibly containing traces of subsurface 
life—appear to be buried beneath several 
meters of lava, as Windy L. Jaeger of the 
US. Geological Survey in Flagstaff, Arizona, 
and HiRISE colleagues report on page 1709. 

The observation might help explain why 
So many Mars landers put down on putative 
lakebeds and outflow channels have found 
nothing but lava, says McEwen. It would also 
flatly contradict the contention that expanses 
of flat plains —where waters from Athabasca 
‘Valles supposedly drained millions of years 
ago—are still a““frozen sea” of ice (Science, 
4 March 2005, p. 1390). 
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Finally, new HiRISE data from the north- 
ern lowlands of Mars cast doubt on one 
hypothesis that there was an ancient ocean 
there. Lingering shorelines have been 
reported around the broad, flat basin. But 
HiRISE images reveal ubiquitous boulders 
up to 2 meters in size strewn across the north- 
‘em lowlands where a deep, long-lived ocean 
should have left nothing as large asa grain of 
sand. Either an ocean sediment layer is far 
thinner than proposed, say McEwen and col- 
Jeagues, or there was never any ocean, 

Not that Mars has dried out entirely. 
Sixty-kilometer Mojave crater looks for all 
the world as though drenching rains had 
gouged its slopes and dumped the debris in 
great conical fans (Science, 9 April 2004 
p. 196), With a closer look through HiRISI 
McEwen and his team think they see a deeper 
source for the water. Rather than water 
falling from the sky, they think an impactor 
may have hit a water-rich crust, creating 
muddy debris that flowed down 
to form fans. And HiRIS 
imaged gullies possibly millions 
of years old that are “most easily 
explained as flowing water,” 
says McEwen, 

But the tendency of HiRISE 
observations to diminish the role 
of liquid surface water may rein- 
force recent trends, Ice 

and snow have obvi- 
ously moved around 
the planet when Mars 
periodically tilted on 
its axis, but observa- 
tions from the Oppor- 
tunity and Spirit rovers, 
reveal excruciatingly 
slow rates of erosion 
(Science, 8 April 2005, 
p. 192). Running water could not have been 
much of a player in the past 3 billion years 
‘or more, researchers are concluding. And 
the rust-colored martian visage long attrib- 
uted to moist weathering seems to be only a 
thin patina on fresh rock untouched by the 
cons (Science, 22 August 2003, p. 1037). A 
slight dampness may have sufficed. 

Even the early days of Mars—often 
called “warm and wet”—are looking drier. 
The apparent remains of “shallow, salty 
seas” where Opportunity roved have shrunk 
to ephemeral puddles in a hyperarid desert 
(Science, § January, p. 37). When planetary 
scientists gather next month to narrow their 
landing site options for the next Mars rover, 
their search for signs of martian water will 
need be well focused indeed. 

RICHARD A. KERR: 
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LINGUISTICS 


Read My Slips: Speech Errors 
Show How Language Is Processed 


Researchers are analyzing spoonerisms and other slips of the tongue to help under- 
stand how humans—and even apes—can comprehend and use language 


-old bonobo, knows the dif- 
between a blackberry and a hot dog. 
But sometimes, when researchers asked him 
to touch the abstract visual symbol, called a 
lexigram, that means blackberry, he touched 
the lexigram for hot dog, blueberries, or cher- 
ries instead, 

Kanzi’s errors weren't random mistak 
nor an indication of apes’ language limita- 
tions, says Heidi Lyn, a comparative cogni: 
tive scientist at the University of St. Andrews, 
in Fife, U.K. Rather, they show the complex 
\way in which his mind had organized the lex- 
igrams. For example, if Kanzi made a mistake 
when asked for “blackberry.” he was more 
likely than chance to choose a lexigram for 
another fruit, much as you or I might say 
“red” instead of “black,” says Lyn, whose 
paper on Kanzi’s mistakes was published 
online in Animal Cognition in April and will 
appear in print later this year or early next. 

Analyzing errors for insight into the 
covert mental processes of animals is a new 
direction for a technique that language scien- 
tists have used for 40 years to study language 
processing in humans. For all its power, 
‘human language remains something of a sci- 
entific mystery. Researchers are still strug- 


gling to understand exactly how humans hear, 
comprehend, and produce words and sen- 
tences. Slips of the tongue, or linguistic mis 
takes made inadvertently by speakers who do 
know the correct form, offer potent clues 
about language processing in the brain 

Speech error research is currently on the 
upswing with new methods and theories and 
increased attention to groups such as children 
and users of sign language—and, now, ani- 
mals. “We have a long way to go before we 
understand how to put the multiple pieces of 
language systems together in 
the seamless way that we expe- 
rience it,” says psycholinguist 
Mertill Garrett of the University 
of Arizona, Tucson, who has 
studied slips of the tongue since 
the 1970s. “Error profiles that 
arise during spontaneous con- 
versation are going to be an 
important part of the agenda.” 


Barn doors and dam bores 

Early in the 20th century, col- 
lecting speech errors was 
chiefly a hobby, especially for 
people who found Freud's emo- 


» 


Handy. German signers can 
‘catch more of their mistakes 
than speakers can. 


4d Say what? Panbanisha ponders lexigrams. 


tional explanations lacking. (Psychoanalysis 
had no way to account for the diverse, often 
mundane slips of the tongue that people 
make.) In the 1960s, Noam Chomsky sparked 
a wave of grammatical theorizing that trans- 
formed speech errors into theoretical gold. 
Linguist Victoria Fromkin, among others, 
argued in the late 1960s that speech errors 
showed that abstract mental units of sounds 
and words were also concrete symbols in 
speakers’ minds, 

Using speech errors as scientific data 
posed some problems: Waiting for speakers 
to make an error required an inordinate 
amount of time, and some questioned the reli- 
ability of what listeners heard. But the ficld 
got aboostin the 1970s when researchers ere- 
ated ways to elicit many (but not al) types of 
speech errors in the lab, One method involved 
giving people word pairs like “duck bill,” 
“dart board” and “dust bin,” then asking them 
to say “bam door.” About 10% of the time, 
subjects said “darn bore,” By eliciting speech 
errors, researchers can control for higher fie= 
quency sounds (in English, "s” is more fre 
quent than “k") and words (“atrine” is more 
frequent than “tureen”). Words used more 
frequently are less likely to be involved in 
speech errors. For example, more errors 
occur with content words (“cat,” “hat”) than 
grammatical words (“the,” “in”), because 
grammatical words are used more frequently. 
The effect of frequency also implies that what 
one usually talks about affects how one slips. 

Lyn was the first to apply the study of 
errors to bonobos. Kanzi and a female 
bonobo, Panbanisha, who now live at the 
Great Ape Trust in Des Moines, lowa, can 
comprehend instructions and descriptions in 
spoken English, and they can respond by 
using 384 lexigrams, which they touch on a 
keyboard. From 1990 to 2001, researchers 
tested the bonobos thousands of times, 
showing them a photo or lexi- 
gram or saying an English 
word. The bonobos then had to 
select the matching lexigram. 
The apes chose correctly 
12,187 times and made 1497 
incorrect choices, although no 
one thought to consider the 
errors as data until now. 

Lyn found that Kanzi and 
Panbanisha have arranged hun- 
dreds of lexigrams in their 
minds in a complex, hierarchi- 
cal manner based mainly on 
their meaning. She coded the 
relations between all 1497 
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sample-error pairs along seven dimensions, 
including whether the lexigrams looked 
alike, had English words that sounded alike, 
or referred to objects in the same category. 
She found that the errors were not random 
but patterned. If the lexigram stood for 
“blackberry,” the error was more likely than 
chance to sound like blackberry, be edible, 
bea fruit, or be physically similar, Errors 
were also more likely to be associated with 
‘more than one category. For example, “cher- 
ries” are both edibles and fruits, and the 
word sounds like the correct one, “blackber- 
ries.” All this indicated to Lyn that mental 
representations of the lexigrams must be 
stored not as simple one-to-one associations 
but in more complex arrangements. This 
suggests that, given the chance, bonobos 
and other apes can acquire systems of 
meaning that are closer than anyone has 
thought to what humans do, and 
that some aspects of language 
acquisition are not unique to 
humans. “We begin to see that the 
biological or species variable is far 
less important than we thought,” 
says Susan Savage-Rumbaugh of 
the Great Ape Trust 


‘Out of the mouths of babes 
Lyn’s analysis is not the first to 
study errors in creatures that 
haven't mastered all the comple: 
ities of human speech: For about 
20 years, researchers have also 
used speech errors to study lan- 
guage acquisition in children, 
Kids do say the darnedest things, 
but by definition, the true errors are the ones 
they make with linguistic levels and units 
they know, explains linguist Jeri Jaeger of the 
University at Buffalo in New York state, who 
in 2005 published a book that capped 20 years 
of collecting kids’ slips, many of them from 
her three children. It was the first study of the 
same children’s speech errors over a long, 
period, allowing her to match their errors with 
their stages of language development. 

Jaeger's collection is “unique,” says linguist 
Annette Hohenberger of Middle East Techni- 
cal University in Ankara, Turkey, and shows 
how slips change over time. 

Distinguishing true slips took a linguist’: 
ear and a mother's patience. Jaeger’s youngest 
daughter's exclamation that “She already 
showed me tomorrow!” wasn’t a true slip, 
because she didn’t yet know the meaning of 
‘yesterday.” On the other hand, at 16 months, 
her eldest daughter said “one two three, one 
two three, one tuwee"—a fusion of “two” and 
“three.” which was a true slip because she 
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knew the two words were distinct and had 
regularly pronounced them correctly. This 
anchors Jaeger’s point that children only 
make slips with what they know. 

Analysis of such speech errors can pro- 
vide a novel perspective on how children 
acquire language. Linguists have debated, for 
instance, whether children need syntact 
knowledge to speak in two-word clumps 
Jaeger says no. Her data show that when chil- 
dren begin to combine words, at about age 
they don’t blend phrases or confuse intona- 
tions, Such slips require a mature knowledge 
of syntax, Not until children speak in sen- 
tences of three or more words do syntact 
errors, such as “sit down this immediately! 
(a blend of “sit down this minute” and “sit 
down immediately”) appear. 

It’s long been known that children make 
more speech errors than adults, but it wasn’t 


Kid talk. Children m: 


known how or if aging affected error rates. In 
2006, Janet Vousden and Elizabeth Maylor at 
the University of Warwick in the U.K. pub- 
lished the first study tracking speech errors 
across the life span and reported no signiti- 
cant increase in total errors between young 
and older adults. However, compared to chil- 
dren, adults made proportionately more 
errors in which a sound segment was antici- 
pated (frive frantic fat frogs) rather than per- 
severated (five frantic fat fogs). 

That fits with a widely used model of 
speech errors developed in the 1980s by cog- 
nitive scientist Gary Dell of the University of 
Mlinois, Urbana-Champaign. Most linguists 
think that words and sounds are stored in a 
kind of network in the brain, connected by 
variables such as how they sound, their parts 
of speech, and their meaning. Dell proposed 
that when sounds or words stored in such a 
network are selected, this also strengthens oF 
“activates” neighboring words or sounds, 
which may be misreadas the right ones. In his 
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model, people forced to speak quickly make 
more errors not because they have more 
‘opportunities to do so but because the stimu- 
lation of neighboring units has less opportu- 
nity to fade. Dell also proposes that practice 
‘tends to activate present and future units more 
than past ones. As a result, the more practice 
a speaker has, the higher the proportion of 
anticipatory errors, although overall errors 
decrease. “Whatever makes you more error 
prone makes your errors more perseveratory’ 
explains Dell. Caroline Palmer, a psychoio- 
gist at McGill University in Montreal, 
Canada, has found the same effect (among 
others) in piano performances, 

Language need not be spoken, and lin- 
guists have long been interested in whether 
speech and sign are processed the same way. 
German linguists Hohenberger and Daniela 
Happ and Helen Leuninger at the University 

of Frankfurt used a newer 
method for eliciting slips from 
German speakers and signers of 
Deutsche Gebirdensprache 
(DGS, or German Sign Lan- 
guage), in the first slip study of 
signers in a language other than 
American Sign Language. In a 
series of papers, the most recent 
published in 2007, they asked 
speakers and signers to narrate a 
series of pictures under various 
stress conditions, such as putting 
pictures out of order. 

They found that all types of 
slips found in spoken German are 
also present in DGS, although in 
different frequencies. The slips 

with the same basic units, This 
tes that signs and words are both stored 
in the brain as clusters of primary elements 
that can be flexibly recombined, and it under- 
scores that humans possess. single language 
faculty regardless of how they deploy it, 
says Hohenberger. 

But there are some differences. For 
instance, both signers and speakers catch 
and repair utterances that include mistakes. 
But signing is relatively slower. so signers 
catch more errors involving exchanges of 
individual signing elements, such as hand 
shapes or location of the sign. 

Because of this, Hohenberger speculates 
that slips of the hand may next contribute to 
‘an emerging question in slip-of-the-tongue 
research. Based on ultrasound studies of 
speakers’ tongues as they make sound 
exchanges (better known as spoonerisms, 
such as “jeefberky” instead of “beef jerky”), 
phonetician Marianne Pouplier of the Uni- 
versity of Munich, Germany, has suggested 


tages 
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in several recent papers that speakers don’t 
substitute one whole sound segment for 
another as was previously thought. Rather, 
they attempt to pronounce the two sounds 
at the same time. This way of thinking 
about speech errors—as a collision of 
motor commands rather than as substitu- 
tions of mental symbols—might be more 
reliably investigated in slips of the hand, 
Hohenberger says, because researchers can 
capture the slower hand movements more 
clearly than tongue movements. 

Although error studies offer intriguing 
data, their implications are not always clear. 
Take the bonobo findings. The apes con- 
fused fewer target-error pairs that were 
either both nouns or both verbs, implying, 
that they don’t take note of parts of speech. 
“This result argues against the claims made 
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elsewhere that Kanzi has spontaneously 
developed an elementary grammar,” says 
primatologist Robert Seyfarth of the Univer- 
sity of Pennsylvania, 

But Lyn says the error results don’t 
directly address the question of grammar and 
don’t contradict earlier findings in which 
bonobos appeared to prefer certain semantic 
sequences. Instead, she says, “the results sup- 
port the idea that [apes"] representation of 
semantic information is much more complex 
than has been shown to date.” 

Still, the study of bonobo errors does 
rebut two frequent criticisms of ape lan- 
guage research: that the apes have simply 
been trained to respond, and that 
researchers may inadvertently shape the 
bonobos’ responses. Errors can't be trained, 
nor can patterns of errors be deliberately 


Barroso’s Brainchild 


Thanks to the influence of José Manuel Barroso, Europe may soon have its new 
European Institute of Technology. But few scientists are celebrating 


“Just think what Europe could be. ... Think 
of its untapped potential to create prosperity 
and offer opportunity and justice for all its 
citizens." Thus began a February 2005 mem- 
‘orandum from José Manuel Barroso, presi- 
dent of the European Commission—the 
European Union's (E,U.'s) executive 
bbranch—aimed at salvaging the Lisbon strat- 
egy. This ambitious plan to create economic 
‘growth and jobs in Europe was faltering and, 
Barroso wrote, "immediate action” and “a 
new start” were needed. 

Next week, the European Parliament 
(EP) is slated to vote on one of the reme- 
dies Barroso presented in his memo: the 
European Institute of Technology (EIT). 
As Science went to press, one major 
issue—where to find the €300-plus mil- 
lion now budgeted for the project 
remained unresolved, and the commission 
and the Parliament were in frenetic discus- 
sions. A commission spokesperson said 
that a solution was “imminent.” 

Yet few in the European research commu- 
nity are elated. A supposed engine for 
Europe's economy, EIT was envisioned as 
bringing together the smartest minds around 
top-notch research that will lead to new 
industries. Its name echoes that of the Massa- 
chusetts Institute of Technology (MIT) in 
‘Cambridge to show that the commission is 


aiming high. A series of reports, however, has 
argued that the plan will do very little for 
innovation in Europe. 

‘The League of European Research Uni- 
versities, for instance, concluded in a study 
last year that the EIT plan was “misconceived 
and doomed to failure,” and Euroscience, a 
Europe-wide movement of scientists and 
policy experts, called it “a politically moti- 
vated idea, starting from a wrong premise.” 
EIT, says former U.K. science adviser Robert 
May, “is based on a misunderstanding” about 
innovation: namely, that it can be bought with 
‘government money. 

‘And 2 years of political wrangling have 
\watered down the EIT proposal to the point 
that critics say it will only add a layer of 
bureaucracy to the E.U-s funding system 
Indeed, the real MIT could be forgiven for 
not recognizing itself in its European com- 
petitor. EIT won't have a campus: it will be 
a virtual institute made up of scientists 
based at universities, research labs, and 
companies across the continent. It also 
won't award diplomas, as was originally 
proposed. And although more money is sup- 
posed to flow from various sources, the 
amount promised so far until 2013 boils 
down to about €50 million a year, less 
than 3% of MIT's annual budget and about 
13% of what Barroso had proposed. 


produced. And if researchers were subtly 
guiding the apes by eye gaze or body pos- 
ture, Kanzi and Panbanisha might have 
made far more errors based on simple prox- 
imity in the keyboard. 

Lyn plans to continue analyzing the error 
data for other insights into the bonobos" con- 
ceptual world. “For me, the error analysis, 
‘was not to just study one aspect of their sym- 
bolic representation,” Lyn says, “but to get a 
‘glimpse of how it all hangs together.” Such a 
big question hasn't been answered for 
human language, either, but speech errors 
will likely be central to the search. Says the 
University of Arizona's Garrett: “We have 
most certainly not reached the limits of that 
kind of research.” MICHAEL ERARD 


‘Michael Erard isthe author of Um...: Slips, Stumbles, 
‘and Verbal Blunders, and What They Meon. 


Homeless institute 

EIT is meant to address what is sometimes, 
called the European paradox, Although 
Europe's scientific output, measured in 
papers, is bigger than that of the United 
States—and arguably of the same quality 
Europe seems far less able to turn know!- 
edge into thriving industries, The Lisbon 
strategy, launched in 2000, aimed to reverse 
the trend and make Europe the world’s most 
competitive and dynamic “knowledge- 
based economy"—that is, based on high- 
tech, But a 2004 report by Wim Kok, former 
prime minister of the Netherlands, con- 
cluded that Lisbon was stalled—hence 
Barroso’s call for action. 

Despite widespread skepticism, the plan 
had political legs—apparently because it had 
been presented by Barroso himself, European 
policy watchers say. "He put his entire weight 
behind it,” says Helga Nowotny, vice-chair of 
the European Research Council (ERC) and 
another critic of the idea. “Governments just 
couldn't just say no.” 

The EIT plan has changed considerably, 
however. Initially, the commission enter- 
tained the idea of a brick-and-mortar, degree- 
granting institute somewhere in Europe. 
Poland and other new E.U, members began 
lobbying for the prize, offering significant 
financial incentives. After a wide consulta- 
tionmade clearthat countries were unlikely to 
agree on a site—and that universities didn’t 
like a new competitor —EIT went virtual, In 
the commission's formal proposal in October 
2006, EIT became a small governing board 
plus six or more Knowledge and Innovation 
‘Commumities (KICs), independent networks 
that would each focus on a different field and 
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European Commission | _sion’s formal proposal calls for study atthe request of the Parliament set to vote ona pilot 
President José Manuet | a small headofficeand si or European Parliament argues for | institute with just wo or three 
Barroso floats the dea of | more Knowledge and innovation | a series of smaller institutes. KICs and a much smaller budget. 
an MIT-lke institute, Communities (Ks), 
employ scientists at existing institutes and __Barroso’s plan for EIT has always antici- Solving a paradox 


companies around the E.U. Its budget, 
however, would still have been a healthy 
€ 2,36 billion for the period 2008-2013. 

Laws and new initiatives such as this 
begin with the E.U, Commission, but they 
need to be approved by the Council of the 
E,U.—in which ministers of member states 
‘mect—and by the Parliament. Insiders say 
that in the council, several countries, includ- 
ing the United Kingdom and Germany, were 
very skeptical about the EIT plan. Several 
Parliament committees were divided as well. 
But intense diplomacy by the German gov- 
ernment, which chaired the E.U. during the 
first 6 months of this year, led to a compro- 
mise in June. A key Parliament committee 
endorsed EIT in July. 

‘Negotiations chipped down its scope, how= 
ever, leaving a pilot phase of 4 years and a 
‘gradual start with just two or three KICs. (Cli- 
‘mate change, energy, and information tech- 
nology were suggested as their themes.) They 
also took away EIT’ right to give out diplo- 
‘mas, replacing it with an EIT label on existing 
‘university degrees. To top it off, “Innovation” 
‘was added to EIT’s name—although the 
‘acronym was left intact. 

‘The money isstte remains unresolved. Even 
the commission does find the €308 million, 
gg it’s a long way away from what Barroso 
§ wanted, and it’s not clear what other sources 
will be tapped. The KICs can seek aid from 
i Europe's Framework Programme 7 (FP7), the 

E,U3 main source of research funding. But 


2 Parliament members want guarantees that the 
H centers won't get preferential treatment. “We 
= don’t want them to cannibalize” other pro- 
§ grams, says Reino Paasilinna of Parliament's 
& Industry, Research and Energy committee. 
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pated a significant financial contribution from 


industry—the intended beneficiary of the 
institute's output—but that support has not yet 
materialized. The problem is that industry 
cannot commit to an institute that doesn’t 
exist, says Horst Soboll, chair of the now- 
defunct European Research Advisory Board 
and a former director of technology at 
DaimlerChrysler. That might change once 
the KICs take shape and concrete business 
‘opportunities come up, he says 

To EIT critics, the final compromise isn't 
an institute but a funding mechanism, and one 
that looks remarkably ike existing ones, Most 
of the FP7 money also goes to topic-specific 
Networks of Excellence: other E.U. funding 
streams favor large collaborative efforts as 
well. As to innovation, such scattered organi- 
zations are unlikely to generate strong ties 
with industry, says Peter Tindemans, an inde- 
pendent consultant who studied the commis- 
sion’s plan together with Luc Soete of the 
United Nations University in Maastricht atthe 
request of EP. “There's not a shadow of a 
chance that this will have any major impact.” 
says Tindemans. 

But a senior official at the commission's 
directorate-general for education—who, in 
accordance with commission rules, declined 
to be named—says that analysis is wrong. 
Already, there has been an “unending pro- 
cession” of companies telling the commis- 
sion that EIT is a “wonderful idea” and that 
they would like to participate, says the offi- 
cial. Still, Nowotny predicts KICs will have 
trouble hiring excellent staff, because 
researchers with thriving careers are 
unlikely to jump to an organization whose 
future is so uncertain. 
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Is there a better alternative? There's no con- 
sensus among the innovation exper 
although there are some other proposals. In 
theirstudy, Tindemansand Soete launched the 
idea of a Cluster EIT, a series of smaller insti- 
tutes with 300 to $00 researchers, each focus- 
ing ona specific field and big enough to 
attract company interest. But Parliament has 
done nothing with the idea, 

Frank Gannon, former director of the 
European Molecular Biology Organization 
in Heidelberg, Germany, believes the 
answer is even simpler, His solution is to 
bet more on ERC, the funding agency 
launched in February that picks investiga- 
tor-initiated projects based on merit with- 
‘out any political or geographical considera 
tions (Science, 2 March, p. 1205). “If we 
had more high-quality research, 1 think the 
European paradox would just disappear,” 
says Gannon, who is trying the same recipe 
in his new job at the helm of the Science 
Foundation Ireland. 

May, meanwhile, believes the problem 
isn’t in the science funding at all—it’s 
Europe's “culture of coviness and adversity to 
risk” that makes people shy to invest in new 
technologies. To him, changing tax and bank- 
ruptcy laws to reward entrepreneurship might 
bea better solution. 

For now, the research community has 
largely resigned itself to the idea of EIT. 
Whether the slimmed-down version of the 
‘grand idea proposed in 2005 can help make 
Europe a “beacon of economic, social, and 
environmental progress to the rest of the 
world.” as Barroso hoped—well, they're not 
holding their breath, 
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Factory Flies Are Not Equal 
to Wild Flies 


IN HIS NEWS FOCUS ARTICLE “WELCOME TO ETHIOPIA'S FLY FACTORY 
20 July, p.310), Martin Enserink highlights the controversy generated 
by the use of the sterile insect technique (SIT) and its application for 
controlling and eradicating tsetse (Glossina spp. in Africa. Although it 
is clear that SIT has a history of successes and failures, and has both 
champions and critics, much of the focus, especially in this discussion, 
is on costs and benefits from the social and political perspectives and 
the problems posed by a multitude of tsetse 

species. We agree that such a focus is useful 
and necessary, but itis not sufficient. 

‘A major avenue of concer receiving scant 
attention in Enserink's article, and one that will 
have major implications for Ethiopia's eradica- 

tion plan, is laboratory adaptation of the flies. 
The compatibility and competitiveness of 
laboratory-reared tsetse for release into wild 
populations are concems that have been 
raised previously in behavioral (/) and, 
siological work (2, 3). Substantial 
ifferences are typically found 
between natural populations and 
colony-reared flies, ranging from 


~ 


physiological tolerance of lethal temperatures to mating compatibility 
Moreover, feeding behavior in tsetse appears to be a learned response 
obtained during early adult development (4), suggesting that 
laboratory-reared flies raised on artificial membranes may not feed on 
wild animals. Thus, they would not survive for more than a few days in 
the wild, Similarly, caged rearing conditions are known to be deleteri- 
ous to flight and locomotor performance because flight muscle 
development is restricted, which in tum may limit mating success inthe 
wild (5). Other work on insects has shown that laboratory adaptation 
substantially alters animal performance (6). 

Thus, the SIT program for eradicating tsetse hinges on a crucial and 
neglected question: the performance capabilities in the wild of flies 
reared in the laboratory. If colony flies are substantially outperformed 
by their wild counterparts, which seems likely on present evidence, the 
SIT program might fail for reasons that have little to do with financial 
investment, commitment, or species numbers, 

JOHN S. TERBLANCHE AND STEVEN L. CHOWN 
Centre fo invasion Biology, Department of Botany and Zoology, Stellenbosch University, 
Stellenbosch 7602, South rca, E-mal:jsipsunacza 
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Promoting Science and 
Technology from the Top 


GOVERNMENTS IN DEVELOPING COUNTRIES 
are the primary source of resources and 
tuidance for science and technology (S&T), 
Despite an apparent recognition of the impor- 
tance of S&T for socioeconomic growth and 
poverty reduction (as shown by a modicum of 
investment), the fall benefits of S&T have not 
been achieved. Chief among the reasons for 
this are (i) lack of political vision and will, (i) 
low business confidence in S&T and innova- 
tion, (iii) imprecise decision-making and 
archaic management, (iv) suboptimal invest- 
‘ments, (v) national inertia and illiteracy, (vi) 
puerile dependency, (vii) a lack of imagina- 
tion, and (viii) corruption, 
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SAT are tools that motivate, propel, and 
dictate change, which often demands incisive 
iministrative management and cultural 
shifts of varying degrees. S&T may threaten 
ministries jostling for power. Furthermore, 
bureaucracy is steeped in the orthodoxy of 
seniority and political favoritism and tends to 
be uncritically rigid and suspicious of fresh 
intellectual talent. Changes in management 
structures and methods, decision-making, 
implementation, and reviews of effectiveness 
and coordination are often stoutly resisted 

Consequently, national S&T manage- 
ment bodies and coordinating systems that 
are installed to implement policies and exe- 
cute plans often prove ineffectual, Strong 
political leadership at the top of the S&T 
structure is needed. Prime ministers or presi- 
dents should take charge. 


The decision to have prime ministers or 
presidents lead the knowledge transfiguration 
of a country will circumvent unnecessary 
ers of government, while quelling political 
rivalries. Additionally the private sector needs 
assurance and accessible incentives from gov 
‘emiment to support research and development 
(R&D) and thereby create new businesses, 
jobs, and skills. The top levels of government 
must make the necessary budgetary decisions 
to support local R&D, which has, until now, 
been left to the whims and fancies of foreign 
technical assistance and investment. Itis very 
difficult for ministers of finance and other 
cabinet officers to allocate funds to seemingly 
intangible S&T development when there is 
pressure on the budget to satisfy immediate 
and pressing needs like education, health care, 
and roads. Science and technology courses 


wwew.sciencemag.org 


specifically designed to educate top political 
leaders regarding the long-term benefits are 


therefore necessary 

The ultimate challenge is to convince busy 
prime ministers and presidents to take cha 
of these efforts, This is where national S&T 
advisors are vital ‘ARNOLDO K. VENTURA 


Special Science and Technology Advisor to the Prime Minster 
cf Jamaica, Office ofthe Prime Minister, Kingston, Jamaica 


How Old Is the Human 
Presence on Cyprus? 


ALBERT AMMERMAN’S CONTRIBUTIONS TO 
but his comments 


archaeology are substanti 
about Cyprusmay mislead the reader (*Explor- 
prehistory of Europe, 
leaps.” J. Bohannon, News Focus, 13 July, p. 
188), Current studies on this Mediterranean 
island have indeed indicated a hum: 


ence much earlier than previously bel 
As the article notes, research by Peltenburg 
‘and others has pushed back the island's Neo- 
lithic presence to ~8200 calibrated B.C.E 
Ammerman suggests that his sites are 
approximately 12,000 years old and are the 
remains of seafaring pre-Neolithic hunters 


and gatherers. Whether or not acolianite 
dunes would have made suitable camps, 
we commend Ammerman for examining 
ephemeral sites that all too often have been 
ignored. However, he believes that these are 
“the oldest evidence of seafaring in the 
Mediterranean,” a claim presently based 
only on artifactual data, and as Peltenburg 
points out, “independent evidence” is need- 
ed to confirm their antiquity. 

An early human presence on Cyprus has 
been well established at Akrotiri Actokremnos 
fornearly two decades (/). It isthus no surprise 
that there may be other sites dating to this time 
period, and many of us hope that Ammerman’s 
sitesare as oldas he claims. But until this can be 
confirmed by defensible dating of materials in 
good context, these sites should not enter the 
literature as examples of a pre-Neolithic pres- 
‘ALAN H. SIMMONS? AND 

ROLFE D. MANDEL? 
"Anthropology and Ethic Studies, University of Nevada, 
Las Vegas, 4505 Maryland Parkway, Las Vegas, NV 


USA. ‘kansas Geological Survey, University of Kansas, 
Lanrence, KS 66047, USA 


ence on Cyprus, 
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Changing the Face 


of Veterinary Medicine 
World Leadership in Animal Health Award 


Nominations for the Penn Vet World Leaders| 
in Animal Health Award are being accepted 


now through December 12, 2007. 


The World Leadership in Animal Health Award has by 


prestigious international tribute to 
contributions have profoundly influencs 


The annual award, a medal and cash prize of US $100,000,is in 
public awareness of veterinary medicine's essential contributions to 
‘well-being ofall types of animals the environment. and sacety as a whole. 


The World Leadership in Animal Health Award will be presented to a veterinarian who 


has dramatically changed the practice and image ofthe profession and substantially 
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influenced the lives and careers of others, Nominations are being accep! 
December |2, 2007 at wwwvetupenn edulworlda 


now through 


The awards program has been established by a generous gift from the Vernon and 
Shirley ill Foundation, 
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ADME-Tox 
Another Taconic breakthrough’ 
The first and only portfolio 
of commercially available, fully 
licensed transgenic ADME-Tox 


mouse models. 
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Mrp2 
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Taconic 


‘Smart Solutions To Improve Human Health 


1.866.382.6549 
www.taconic.com/adme sci 


1680 


21 SEPTEMBER 2007 VOL317 


Ethics and Refinement 
Animal Research 


SCIENTISTS AND JOURNALS COULD AND 
should do more to secure the ethical stan- 
dards of animal use in biomedical research. 
Scientists often justify animal use by refer- 
ring to the scientific value and biomedical 
importance (/). However, except from a 
purely anthropocentric perspective, eth 

concerns about compromised animal we! 
fare cannot be cased by human benefits 
alone (2). Itis equally important that the ben- 
efits are achieved with a minimum of nega- 
tive effects to the animals involved. Thus, 


scientists must apply “refinement.” the third 
R of the so-called 3 Rs (3). But sci 
sm to do less than they should, 


tists 


sometimes si 
and journals fail in their duty to enforce 
h ethical standards. 

‘We studied the use of an 


Huntin 
ment should focus on limiting 2 
impact of declining sensorimotor function 
as the neurodegencrative disease progresses: 
facilitating food and 
water intake and humane endpoints (using 


\dpoint 


ng spontaneous 


Housing adapt 


ameters rather than aw. 


death) are two possible approaches (4). We 
‘asked to what extent animal welfare problems 
‘and refinements addressing them were re- 
ported in publications of the most common 
rodent models by analyzing 90 research reports 
published in international peer-reviewed jour- 
nals during 2003-04. These include quinolinic 
acid (5, 6) and 3-nitropropionic acid (6, 7) 
administration to ratsand mice and R61, R62. 
and N171-82Q transgenic mice (8-10), Our 
results show that the majority of experiments 
(53) were in the two most severe categories, in 
which animals have sensorimotor deficits 
interfering with their capacity to eat and drink 
normally from the cage top. Very few papers 
reporting such severe experiments included 
information on refinement measures: Out of 
14 survival studies of transgenic animals with 
a progressive neurodegenerative phenotype, 
only 6 referred to humane endpoints and only 

to housing adaptations. Among the majority of 
studies referring to compliance with offi 


regulations and er efforts to reduce animal suf- 
fering, we also found experiments using far 
from best practices, such as administration of 


rising neurotoxin doses until high animal mor- 


talities were reached. 

Journals should ensure that refer 
ously consider whether submitted studies were 
indeed carried out with the smallest achiev- 
able negative impact on the animals, Although 


{important results might be found in a paper not 
complying with current refinement standards, 
a journal like Science should still reject such 
2 paper, thereby sending an important signal 
to the research community, similar to what 


is common practice for studies involving hu- 
‘man research subjects. Furthermore, journals 
should give authors space to describe refine- 
‘ment and welfare precautions. We demonstrate 
that such descriptions are rare, which means 
that other researchers cannot benefit from 
refinement ideas (11), in turn implying a real 
danger that animals will have to suffer unneces- 
sarily, and that animal welfare will be improved 
later than necessary, 1.ANNAS. OLSSON,? 
‘AXELK. HANSEN,” PETER SANDE? 
“taboratery Avimal Science, 18MC-insitto de_ Biologia 
alec € Clay, Universidade do Pot Rua do Campo 
Alegre 823, 4150-180 Porta, Portugal. “Danish Cente for 
Bioethics and Risk Avvesment, Faculy of Ue Scences, 
Univesity of Copenhagen, Rolghedve 25,1988 Feder 
berg C Denmark Divan of Laboatar Ail Scene and 
Wellare Faculy of fe Sciences, University of Copenhagen, 
Dytaegee 88,1870 FedeiberC, Denmark 
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Letters (~300 words) discuss material published 
months oF issues of 
submited through 
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full o in par, 
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‘CORRECTIONS AND CLARIFICATIONS 


Editors’ Choice: “Timing is everything” (31 August p. 1147). The phrase “...HPV clear 
ance rates—measured as cell-mediated immunity to the vius—were comparable. 
should have ead“... MPV clearance rates—a measure of cell-mediated immunity tothe 
Virus—nere comparable 

Newsmaker 
inthe ston. 


“Indeible” (20 August, p. 732). George Coteias’s name nas misspelled 


Policy Forum: “Critical assumptions in the Stem Review on climate change” by W. 
‘Nordhaus (13 Ju, p. 200). On page 202, part of reference 7 was incorrect the complete 
reference is.) Arrowet al, Climate Change 1995—Ecanomic and Social Dimensions of 
Climate Change, ). Bruce, H, Lee, E. Hates, Eds. (Cambridge Univ. Press, Cambridge, 
1996), pp. 125-144. 

Policy Forum: “Taking scence out of the box—foresght recast” by D. A. King and S. ML 
Thomas (22 June, p. 1702). The URLin reference 6 is incorrect. It should be wm 
aliscoverysftwareco.ub/loodRanger.htm, 

Perspectives: “Nuclear actin as choreographer of cell marphology and transcription” by 
J. Wu and G,R. Crabtree (22 June, p. 1720) The sumame ofthe second author, ile 
Correctly spelledin prin¢andia the online article splay, was inital spelled incorrectly 
{nthe electronic metadata associated with the ontne article, which led to an incorrect 
spelling inthe electronic table of cortees and in onine search results, 2s wel 2s in some 
Indexing services not affliated with Science. The metadata have been corrected: the 
proper speling ofthe second authors sumame is Crabtree 


Reports: “Structure of the multidray transporter Ems trom Escherichia col” by ¥. Yin a 
(5 May 2006, p. 741). On page 744, following the sentence “In addition, certain single 
site mutations inthe cytoplasmichalves..,” ony reference 17 shouldbe cited. In Fig. 2C 
‘esidue EmvD 1128 should be EmeD 1119 (and the “+” over the corresponding MdtA 
‘A137 shifted to MdtA A128 in fig 52. Fnaly, the asterisk denoting residue MAIAA324 
{nfig, $1 was misformatted and should lay over Ma Y323. The corrected figure has 


Applied Biosystems Real-Time PCR L 


bbeen added to the Supporting Online Material for the Report (see wwm.sciencemag, 
x9 gi'ata/312/5774/741/DCL1). The implementation of these corrections does not 
‘change the proposed mechanism, asthe shifted residues sil fll within the boundaries 
of the proposed selectivity iter 


TECHNICAL COMMENT ABSTRACTS 


Comment on “Organics Captured from Comet 81P/ 
Wild 2 by the Stardust Spacecraft” 


Maegan K. Spencer and Richard N. Zare 


Sandford etal Reports, 15 December 2006, p.1720) reported on erganic compounds 
Captured from Comet 81P/Wd 2 by the Stardust spacecraft. We emphasize the dif 
culty in assigning the origin of compounds detected diffusely along paticle impact 
tracks and show that rapid heating of aerogel that has never been exposed to cometary 
partie capture can generate complex aromatic molecules from low-mass carbon 
impurities present inthe arog. 


Fulltext at wane sciencemag orpieicontentfull317/58451680¢ 


Response to Comment on “Organics Captured from 
Comet 81P/Wild 2 by the Stardust Spacecraft” 
‘Scott A. Sandford and Donald E. Brownlee 


Caution must be taken in interpreting measurements of organics in Stardust samples 
tn particular, as noted in Sandford etal. and reinforcedin the comment by Spencer and 
Zare, one component of Stardust organics, the low-mass polycycic aromatic hydro 
‘arbons seen difusely along track surfaces, should be treated cautiously because they 
may be due to impact conversion of aerogel carbon, 

Faull text at wor scencemag.orp/cgivcontent/ull17/5845/1.680d 
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BOOKS 


1684 


COMPUTERS, 


A Classic Reconfigured 


Brenda Laurel and Rob Tow 


Lucy Suchman updates her seminal 1987 

book Plans and Situated Actions (1). 
Like the earlier work, the revision takes on 
the issues implicit in the construction of arti- 
ficial intelligence (Al). Although the book is 
described as being about interface design, 
Suchman (who spent 20 years as a researcher 
at Xerox's Palo Alto Research Center before 
moving to Lancaster University’s Centre for 
) remains at heart an anthro- 
pologist. She prefaces this book with a 
lengthy response to the arguments leveled at 
the earlier work by the anthropology commu- 
nity, It is only after the nine chapters repris- 
ing the 1987 text that Suchman’s ideas pick 
up steam and the writing becomes accessi 
ble—or engaging—to designers interested in 
human-computer interaction. If they can 
stick with the scholarly tone long enough to 
getto the author's new thinking, members of 
that audience will find the ideas in the book 
potentially useful 

Up through the conclusion of 
the first edition, Suchman’s writ- 
ing, clearly aimed at the anthro- 
pology and social science commu- 
nities, suffers from the coded 


l Human-Machine Reconfigurations, 


terminology and dense sentence 
construction of the hidebound 
academic, The opening chapter, 
Readings and Responses, demon- 
strates the impact that her work has 
had in those domains but will dis- 
courage the “outsider” designer or 
engineer from proceeding further 
into an unfamiliar jungle of dis- 
course. Fortunately, when she starts 
to reveal new methods, observa- 
tions, and ideas in the later chi 
ters, Suchman begins to speak as a 
person unafraid of using first- 
person pronouns. At last, one thinks, the argu- 
‘ments will not be Lilliputian, but rather large, 
furry ideas that anyone can hear stomping 
into the room, 

Indced, the large ideas are there, but they are 
rare big game very well camouflaged. They 
range from philosophical and political obser- 


Brenda Laurel f at the Graduate Program in Design, 
California College ofthe Ars, 1211 Eighth Stree, San 
Frandsco, CA 96107-2247, USA. Emait: blaurel@ 
tauzero.com. Rob Tow is at Tau Zero, 14004 Madrone 
Place, Los Gatos, CA 95033, USA. E-mail: robton@ 
tauzerocom 
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vations to purely (but 
importantly) operational 
ones. For example, Such- 
man’s analysis of how 
ind why corporate mar- 
keting types go to such 
lengths to prevent d 
signers and engineers 
from directly engaging in human-centered 
research is both in-your-face and operationally 
relevant. The construction of “agents” as ser- 
vvants and the tendency of Al to model a sery 
economy is another furry idea—and she pe 
suasively urges that its high time we consid- 
ereditinall its implications. But surrounded by 
the jargon of anthropological discourse, stich 
ideas are not as accessible as they should be 
to folks who can really do something about 
them—designers and engineers of human- 
‘computer systems. 

Suchman gains credibility and shows 
courage as she moves beyond the traditional 
field ethnography methodology where the 


by Lucy A. Suchman 


sity 


Paper, $23.93. SE 


Situated robot. Seeing Rod Brooks's humanoid robot in the lab, Suchman 
noted “the extended network of human labors and affiated technologies that 
afford Cog its agency” 


“scientist” (observer) isthe measuring instru- 
ment. Suchman's use of video, for example, 
both removes the “interference” of the 
observer and allows a permanent and exteri- 
orized record to be analyzed and shared. Like 
the best of contemporary practitioners in 
design research, she acknowledges that dyads 
often make for more generative interviews 
than conversations with single individuals. 
However, we wish that she had included more 
active practitioners among her quoted 
sources and that she had asked those whom 
she did interview, like Rodney Brooks, more 


Human-Machine Reconfigurations 
Plans and Situated Actions. 2nd ed. 


326 pp. $80. ISBNS 


about what they thought they were doing and 
why. Brooks—an extremely well-read practi- 
tioner—demonstrated his sensitivity to the 
issues involved in the Cog project in many 
ways, such as the inclu- 
sion of a female Christian 
theologian in his team, 

The postmodern femi- 
nist critique can often drift 
into a tone of superiority 
over those boys who don't 
know what they're doing, 
Applied liberally, it paints 
all with the same brush 
But there is a meaningful difference between 
Rodney Brooks's thoughtful work and some 
of the snake oil that has been extruded by 
other self-identified AI researchers. Most of 
the sources with whom Suchman aligns her- 
selfhavenot actually done engineering or sys- 
tem design. Perhaps coming the closest is 
Andrew Pickering, who holds doctorates in 
both physics and science studies and who 
spent time in residence in at least one r 
lab, which informed his concept of 
gles of practice” (2), But, for examp! 
much as Katherine Hayles’ critical work is to 
bbe admired (and as much as it informs this 
book), itis fundamentally not the same as 
investigating the ideas and meth- 
ods of makers themselves. A cri- 
tique of makers based on the 
philosophies of nonmakers con- 
stitutes a stacked deck, 

Inher power (and in her voice), 
Suchman has the opportunity to let 
go of critique of the past and to 
instigate a new dialogue regarding 
the future, By positioning her 
thinking as living somewhere be~ 
yond Donna Haraway'seyborg (3), 
Suchman has gone at least half the 
distance. She seems to acknow!- 
edge that the cyborg was essen- 
tially a very serious feminist prank 
intended to draw our attention to 
@ problematic dualism and an 
equally problematic re-visioning. 
She demonstrates that how we view human- 
computer symbosis depends on how and 
where we “cut” the relations between humans 


ess, Cambridge 


675888, 


and machines. Because they and w 
ingly act in complex collectives, the locus of 
agency refuses to adhere to either of the terms 
of the old dichotomy or even to the monstrous 
construction of the cyborg: instead it floats. 
‘An obvious step in this new discourse is 
to look more deeply into biology—a step the 
but does not take. Just as much 
of the human body consists of (nested) 
“entities” with perception-representation- 


increas- 
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action loops (and thus that possess agency), 
“entities” that transcend the simple hybrid 
of human plus machine are intimated by 
‘Suchman's work. At work here, takinga lesson 
from the biological insights of Lynn Margulis, 
wwe find something like symbiogenesis: the 
combination of symbiotic organisms into a 
single, new organism in which the original 
partners drop the genetic codes for capabilities 
that they no longer need for survival. As 
Margulis challenges traditional evolutionary 
biology and as symbiogenesis challenges the 
Darwinian notion of descent with modifica- 
tion, so Suchman positions herself to chal- 
lenge both the old human-tech dichotomy and 
the rhetorical device of the cyborg. She gives 
us a beginning place for a new discourse, and 
‘we hope she runs with it, 
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HISTORY OF SCIENCE 


Inventing 
Johannes Miiller 
Lynn. Nyhart 


hatmakesa great scientist? Hisstue 
dents, Although they do not (usu 
ally)make his scientific discoveries 
or theories for him, itis often students and fol- 
lowers who take their experiences of their 
mentor's personality and ideas to create the 
image of the great scientist revered by later 
generations. In this close study of Johannes 
Miiller, the greatest “great physiologist” of 
19th-century Germany, as viewed by seven of 
has students the literary scholar, historian, and 
Macarthur award recipient Laura Otis (Emory 
University) shows how Miller the person 
became reconstructed as Miller the historical 
character. Her compelling analysis asks us to 
think hard about our access to the past and 
about how our understanding of long-<distant 
events is shaped by the rhetorical work of past 
scientists in their everyday working ives. 
Miiller is an enigma. From 1833, when he 
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assumed the professorship of anatomy and 
physiology at the University of Berlin, until his 
death (possibly by suicide) in 1858 at 56, he 
was Germany's leading physiologist. The 
author of the leading 19th-century textbook of 
human physiology, Miller pursued all aspects 
of physiology—chemical, sensory, anatomical, 
comparative, developmental, pathological—in 
a broad program to understand how life 
worked. He traced physiological functions 
through experiment, comparison across the 
span of the animal kingdom, and examination 
of healthy and diseased structures, and he was 
committed to rigorous investigation in all these 
areas. Yet he also believed in a “life force” that 
held allofliving nature together, a view thatran 
‘against the increasingly materialistic currents 
of his scientific times. Letters from his adult 
years are sparse, and the most vivid portrayals 
Of him come from students. But can we trust 
them? How can we come to 
know Miller? 

To answer this question, 
Otis examines the historical 
constructions and reconstruc- 
tions of Milller created by 
Theodor Schwann (of cell the- 
ory fame), the microscopists 
Jakob Henle and Robert Remak, 
the experimental physiologists Hermann von 
Helmholtz and Emil du Bois-Reymond 
(Milller’s successor in Berlin), the cellular 
pathologist Rudolf Virchow, and the evolu- 
tionary zoologist Emst Haeckel. These men, 
all of whom became distinguished scientists 
themselves, encountered Miiller at different 
points inhis career, for different spans of time, 
and interpreted him through their varying 
perspectives and scientific interests. They 
invented not one Milller but several, each 
according to his needs. 

‘Through their lenses, Otis reconstructs not 
only Milller but also Berlin science from the 
1830s to the 1890s, painting an almost 
Brueghelian crowdscape of scientific activity. 
We see aspiring scientists hunched over their 
microscopes in the rare windows of their 
crowded rooming houses for lack of ab space; 
we see Malller, rector of the University of 
Berlin in 1848, defending his institution's 
integrity—and his muscum—against student 
revolutionaries, even as the radical Virchow 
rushed off to man the barricades and du Bois- 
Reymond slunk under his covers, avoiding 
participation altogether by being sick. We see 
Remak, the orthodox Jew, unable to gain a 
professorship or even share a convivial meal 
with his colleagues because of his religion, 
taking up a side business as an electrothera- 
pist—an undertaking that kept him afloat 
financially but damaged his scientific reputa- 
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tion. One vivid scene after another brings 
19th-century German biology to life. 

Above all, though, Otis shows us these 
‘menas writers, scientists who knew the power 
of their words. As she demonstrates, virtually 
every piece of writing by these ambitious 
‘men—not just memos to bureaucratic purse 
string holders, but letters, reminiscences, and 
historical introductions in scientific writ- 
ings—had a persuasive purpose. Haeckel 
‘wrote his parents to demonstrate his diligence 
as a medical student and simultaneously to 
‘express his aversion to aprofessionas a physi- 
cian, When du Bois-Reymond wrote the first 
major biography of Miiller, Otis shrewdly 
argues, he needed to show that Miiller had 
begun a revolution in physiology that only he 
himself would be able to complete, and then 
only if he had the institute, equipment, and 
funding that the Prussian cultural ministry 
could provide, This profoundly 
shaped his portrayal of Milllr, as 
did the different agendas of each 
of the actors whose Miillers Otis 
delineates, The Miiller that emerges 
from each man is part of a history 
his students constructed that 
would lead to their own goals, as 
they created narratives of the past 
intended to push history forward in the diree= 
tions they wanted to take it 

In doing so, however, his students made 
Miiller less than he was. As Otis argues, he is 
not best understood as the overlapping sum of 
their descriptions, for his students consistently 
underestimated him and underrecognized his 
support of thei different projects. Even where 
they clearly led away from his own commit- 
ment toa life force uniting all of life, he advo- 
cated their work as fruitful science, support- 
ing them both intellectually and institutionally 
far more than they acknowledged. Otis’ 
Miller is more than the sum of the recollec- 
tions and reconstructions of his students. 

‘As powerful as scientists are in construct- 
ing biography and history in the course of 
their careers, and as dependent as historians 
‘are ontherecords scientists leave for their own, 
reconstructions and analyses, Otis shows what 
historical and literary perspectives can add to 
scientists’ own accounts. Her thetorical analy- 
sis calls attention to the power of scientist 
writings in all their forms, while her historical 
reconstructions make sense of the scientific 
and personal agendas underlying these scien- 
tists’ rhetoric. Thus, while we may never know 
the “real” Miiller, we come away with adeeper 
‘and richer understanding of the many Millers 
his successors created—and of the making of 
_great scientists more generally. 
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MEDICINE 


The Future of Personal Genomics 


Amy L McGuire,’ 


n 31 May 2007, James Watson was 
O handed a miniature hard drive con- 

taining his personal genome sequence, 
‘which was subsequently uploaded onto pub- 
licly accessible databases. Craig Venter's per- 
sonal genome was published a few months 
later (/). These projects represent research 
milestones, They also present an opportunity 
to examine the ethical, social, and clinical 
implications of personal genomics, 

Excitement over these projects has been 
tremendous. Many are willing to pay a hefty 
price tobe next, Scientists predict that within 
5 years DNA sequencing technologies will be 
affordable enough that personal genomics will 
be integrated into routine clinical care (2). 
‘Companies are responding by offering their 
services for ancestry tracing, forensics, nutri- 
tional advice, reproductive assistance, and 
even social networking. It will not be long 
before companies are able to offer a “Face- 
book-like service centered around our ge- 
nomes” (3). The medical community needs to 
consider the ways in which routine generation 
of this information will affect our health sys- 
tem and how this information might be used 
outside the medical context. 

Despite limited treatment options for many 
genetic conditions, genetic testing has revolu- 
tionized the clinical management of patients. 
for many disorders. Building on this history, 
companies and genetic testing laboratories 
have begun to develop technologies for genetic 
testing on a broader scale. For example, Baylor 
College of Medicine offers microarray analy- 
ses to evaluate a fetus for over 65 disorders or 
for genomic errors associated with autism or 
mental retardation (4). 

We currently face an inflection point in 
clinical medicine as we move from specific 
diagnostic tests for particular disorders to 
much broader assays for variants whose effects 
‘we donot yet fully understand. in addition, the 
effects of any single gene on common diseases 
are generally small, and their interactions 
with environmental factors remain largely 
unknown. For example, despite enthusiasm 
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about recent genomewide association studies 
that report an association between coronary 
heart disease and a common variant on chro- 
‘mosome 9, the actual risk of heart disease 
was only increased from 1% to 1.6% in 
homozygotes (5, 6). 

These studies are invaluable for under- 
standing disease pathogenesis, but the pres- 
cent utility of this information for making 
treatment decisions is limited. Just because 
an association between genetic variation and 
disease is statistically significant does not 
mean that it is clinically meaningful (7) 
Moreover, simply knowing genetic risks and 
disease predispositions may not lead to bet- 
ter health decisions (8). For some, it might 
lead to fatalism and reduced compliance 
with healthy choices. Asa result, many clini- 
ccians are “not at all enthusiastic about rush- 
ing out to test people in the clinic” for these 
genes (7). Although the scientific value of 
‘genomic research has been enormous, these 
‘emerging technologies have only had mar- 
«ginal impact on health care to date, at least at 
the population level (9), 

‘Some fear that personal genomes may 
become the genetic version of whole-body 
magnetic resonance imaging scans, which 
might lead to a population of “worried well” 
seeking follow-up investigations that could 
burden already-strained health-care systems. 
Physicians knowledgeable in genetics are the 
best guard against this concern. However, phys- 
icians are ill-prepared for current genetic test- 
ing information (/0). The deluge of risk infor- 
mation from widespread use of whole-genome 
sequencing would greatly magnify this dilemma 
(11). Research and training for health-care pro- 
viders is necessary for personal genomic infor- 
‘mation to affect patient care. 

Only clinically meaningful genomic test 
results should be integrated into medical 
decision-making. Clinical practice guide- 
lines should be developed, considering how 
best to use and present genomic information, 
and whether and how to withhold informa- 
tion that patients do not want to know. Failure 
to anticipate what may become standard of 
care could result in these issues being 
decided through malpractice litigation. 

‘As personal genomics advances, ques- 
tions about social justice and the cost of 
whole-genome sequencing will loom large, 
especially in countries (including the United 


Routine generation of whole-genome sequences 
will pose many health system challenges, 


States) where there is limited access to 
basic health-care services for many, Should 
private health insurance companies and 
public health systems pay for-DNA se- 
quencing, genetic analysis, counseling, and 
follow-up clinical care? (/2). Will physi- 
cians be reimbursed for the additional time 
spent educating patients about the signifi- 
cance of genetic risk information? Payers 
will likely decline coverage for genomic 
testing and counseling until itcan be associ- 
ated with improved patient outcomes and 
quality of care (13). 

The potential clinical application” of 
‘genomic information is great, as exemplified 
by the recent US. Food and Drug Admini= 
stration approval ofa label change for warfatin 
to include information on how genetic varias 
tions may affect drug response (/4). However, 
successful integration of pefgnal genomics 
into routine clinical care will require clear 
standards, multidisciplinary collaboration, an 


careful consideration ofthe ethical, soci, and ~ 


clinical implications. AU 
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PECTIVE 


IMMUNOLOGY 


The Root of Platelet Production 


‘Amy E. Geddis and Kenneth Kaushansky 


lood platelets are the first 
B= of defense against 

uncontrolled hemorrhage, 
yet they also play a pathological 
ole in atherosclerosis, acute 
coronary syndromes, and cancer. 
‘The production of an individual 
platelet begins when a hemato- 
poietic stem cell begins to differ- 
entiate, and is complete when 
‘a fragment of a bone marrow 
megakaryocyte is released into 
the vasculature and begins to 
circulate, Details of the final step 
in this process are reported by 
Junt eral. 1) on page 1767 in this 
issue. Through live imaging with 
multiphoton intravital. microscopy, 
show that platelets arise from long 
platelet” processes that extend from the 
surface of mature megakaryocytes, through 
sinusoidal endothelial cells, and into blood 
vessels (see the figure). 

Blood flow must be fluid to traffic vital 
gases, nutrients, and waste products to and 
from tissues, yet upon vascular injury, this 
flow must be locally arrested and the vessel 
repaired so that exsanguination docs not 
occur, Platelets are discoid anucleate cells,~2 
yim in diameter, Under steady-state condi- 
tions, they are nonreactive with the vascular 
wall, but upon injury they change shape, 
adhere to the injured site, and aggregate to 
form a plug in the vessel that stops bleeding. 
In forging this plug, platelets form the scaffold 
and secrete the cytokines that initiate vascular 
repair. Hence, a continuous supply of platelets 
is an indispensable component of life, and 
thrombocytopenia (deficiency of blood 
platelets) can cause bleeding symptoms rang- 
ing from simple bruising to intracranial or 
szastrointestinal hemorrhage and death. 

To maintain the normal circulating level of| 
blood platetets of 150,000 to 350,000 per 
mm}, ~1 x 10!" new platelets are produced 
daily in the adult human, However, platelet 
production (thrombopoiesis) can increase 
20-fold or more under conditions of increased 
demand. Platelets are produced by bone mar- 
row megakaryocytes, very large, polyploid 
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Flow and fragmentation. Junt et al, observed how mature megakary- 
‘cytes in mouse bone marrow routinely extend protrusions (proplatetets) 
into blood vessels. Sheer stress rom blood flow fragments these protru- 
sions, generating platelets. 


cells that develop from hematopoietic stem 
cells under the influence of the cytokine 
thrombopoietin. Despite progress in under- 
standing the mechanisms regulating mega- 
karyocyte growth and differentiation, the 
process by which they produce platelets has 
boen more difficult to decipher. 

‘Our understanding of thrombopoiesis was 
greatly advanced with the development of 
methods to culture bone marrow cells com- 
mitted to megakaryocyte lineage (2, 3), the 
recognition of transcription factors that influ- 
ence megakaryocytic differentiation (4, 5), 
and the cloning and characterization ofthrom- 
bopoictin (6, 7). These contributions provided 
important insights into the steps by which 
hematopoietic stem cells commit to the 
megakaryocyte lineage, how committed pro- 
genitors differentiate into megakaryocytes, 
and the signals that emanate from the throm- 
bopoietin receptor that drive and amplify 
these events. However, these studies did not 
directly address the process of platelet forma- 
tion, the final step in thrombopoiesis. 

For decades, two major models of platelet 
formation—cytoplasmic fragmentation and 
proplatelet process elaboration—competed 
for attention. Electron microscopic images of 
mature megakaryocyte cytoplasm have 
revealed abundant cell membranes that divide 
the cytoplasm into “platelet territories,” aterm 
suggesting a function in walling off prospec 
tive platelets that are released by cytoplasmic 
fragmentation (8). By contrast, microscopic 
evaluation of bone marrow and in vitro assays 
have suggested that platelets arise from the 
elaboration of long, microtubule-based “pro- 


Megakaryocytes are caught in the act of 
shedding platelets into blood vessels, 
settling a debate on how this process occurs, 


platelet” processes that extend from 
the surface of mature megakaryocytes 
(9,10). 1n support of the latter model, 
platelets formed from  proplatelet 
processes in vitro are functional (1). 
Moreover, an alternative function has, 
been suggested for the demarcation 
‘membranes —that of providing a reser- 
voir of membrane for growth of the 
proplatelet processes (12), 

Much of our current understanding 
ofthe cell biology of proplatelet forma- 
tion has been derived from videomi- 
croscopy of cultured megakaryocytes. 
A series of striking video-microgmaphs, 
of thrombopoictin-stimulated cultures 
of murine fetal liver cells illustrated 
the birth of proplatelets from the surface of 
megakaryocytes (/3). Subsequent studies 
have revealed the cytoskeletal components 
that contribute to their elongation and terminal 
platelet formation. Purified extracellular matrix 
components, such as vitronectin (/4) and fit 
rinogen (/5), have been added to cultured 
megakaryocytes to re-create the bone marrow 
‘environment and better understand the physi 
logical stimuli for proplatelet formation. 
Nevertheless, it remained possible that what 
investigators were studying was an in vitro 
artifact, The report of Junt et al, definitively 
Pits that concern to rest 

Using intravital fluorescence microscopy 
to examine the opened cranial marrow cavity 
‘of mice, the authors caught living megakary- 
ocytes (expressing a fluorescent protein) in 
theact of protruding proplatelet processes into 
the vascular lumen, and witnessed the hydro- 
dynamic force of flowing blood shear these 
processes off, releasing large proplatelet 
masses. They also observed that occasionally, 
proplatelets occlude the vascular humen, tead- 
ing to their further fragmentation. Their find 
ings confirm the decades-old observation that 
the platelet count in the pulmonary veins 
(leading out of the lung) is higher than in the 
pulmonary arteries (leading into the lung), 
because single proplatelet processes undengo 
further hydrodynamic processing in the lung 
into two or more platelets. 

As with all biological insights, answering 
‘one question raises new ones. Though elegant, 
the study by Junt er al. does not provide mech- 
anistic insights, What determines when a 
megakaryocyte is ready to begin proplatelet 


SCIENCE VOL317 21 SEPTEMBER 2007 


1689 


process extension, and how is the megakary- 
‘cyte submembrane cytoskeleton disrupted to 
allow proplatelet protrusion? Does iron defi- 
ciency or inflammation change platelet size 
and number by affecting proplatelet forma- 
tion? And because proplatelets issue only 
from large polyploid megakaryocytes, what 
are the mechanisms that uncouple megakary= 
‘ocyte DNA replication and cell division, lead- 
ing to polyploidy? The elegant intravital look 


Ieagues has only increased our appetite to 
more fully understand thrombopoiesis, and in 
so doing, potentially intervene in the process 
for therapeutic benefit of patients who lack an 
adequate homeostatic defense. 
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COMPUTER SCIENCE 
be fe Researchers who develop theories of 
computation are using their insights to create 
Coding and Computing Join Forces —armzer viene 


Bernard Chazelle 


like vinyl recordings of yore, today’s 
[ J CDsand DVDs are impervious to the 
feral assaults of even the most deter- 
‘mined toddler. For this triumph of eivilization 
over savagery, we owe thanks to coding the= 
cory, one of the crown jewels of the digital ea, 
Since Claude Shannon's pioneering work in 
the mid-20th century, error-correcting codes 
are found in all manner of communication 
devices—so much so, in fact, that by the 
1990s coding theorists began to wonder if 
their brightest days had not passed. However, 
recent developments highlight a remarkable 
confluence of coding and computing, which 
‘may herald the shape of things to come. 

Imagine Bob communicating with Alice 
the 2 st-century way, text messaging. Com- 
plying with her request, Bob texted Alice his 
age: 48. But one digit was garbled, and 28 is 
‘what she got. Itmight have been wise of Bob to 
aaddat least one redundant symbol so she could 
spot the corruption of any single digit, sparing 
hhim much grief, For example, Bob could take 
the sum of the digits modulo 10 [ie., the 
remainder of (4+ 8)= 12 divided by 10, which 
equals 2}. Adding the “2” gives the new mes- 
sige “482” and Alice could detect the error by 
doing the same calculation. In fact, by tagging 
‘on more symbols to his message, Bob could 
have enabled his friend to recover it inthe pres- 
ence of one or more garbled digits. 

If Alice isto have any chance of restoring 
Bob’s message if corrupted by e errors, Bob 
‘would needto injectat least 2e redundant sym- 
bols. Courtesy of so-called Reed-Solomon 
codes, this is sufficient. On the downside, it 
requires complex computations. Yet the added 


The author is in the Department of Computer Science, 
Princeton University, Princeton, N] 08540, USA. E-mail: 
chazelle@cs rinceton.edy 


j 
i 


www sciencemag.org_ 


Sate transit. An example of list decoding. Additional information ("xy2")is appended toa message (“hello”) sent 
through a noisy channel, enabling the receiver to check the message's accuracy. The garbled message is 
compared against alist of al possible encoded messages bearing close similay tothe one received ("jelloxhz, 


complication has not stopped these codes from 
becoming the world’s most popular. 

If the message Alice receives differs from 
the one Bob sent in more than ¢ places, the 
decoding may not be unique. Back at the dawn 
of coding theory, Elias observed (7) that such 
ambiguity is unlikely and saw inthis an oppor- 
tunity. Why not let Alice set a parameter E > e 
of her choice and reconstruct a list of all the 
messages Bob might have written that could 
have produced the received message in the 
presence of up to £ errors? Ifthe transmission 
noise stays within this bound obviously Alice's 
list will chide his message and it will just be 
a matter of picking it out from the crowd. To do 
that, she might choose the message whose 
encoding matches the received message most 
closely; or her preference might go to the mes- 
sage she deems most likely to be Bob’. 

The success of “list decoding.” as Elias’s 
suggestion is called, hinges on the shortness of 
thelist (asa function of E) and the case of col- 
lecting it. In two breakthrough papers, Sudan 
(2) and Guruswami and Sudan (3) showed 
how to list-<decode Reed-Solomon codes effi- 
ciently. And here the word “efficiently” is 
everything, for decoding is trivial when time 
is not an issue. Sudan and Guruswami’s key 
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insight was to trade single-variable polynomi- 
als, the natural habitat of Reed-Solomon, for 
the two-variable kind, This then led toa series 
‘of improvements by Parvaresh and Vardy (4) 
and Guruswami and Rudra (5 
‘What were Sudan and Guruswami, two 
theoretical computer scientists, doing on the 
stomping grounds of coding theorists? List 
decoding can function as a tool for changing, 
‘one computational problem into another. 
Suppose that I compose a message that enu- 
‘merates the solutions of a given problem for 
all possible inputs of a certain length. With list 
decoding, my message can be recovered from, 
its encoded version even if 99% of its infor- 
‘mation has been destroyed. Until the work of 
these researchers (2-5), a message more than 
50% garbled could not be recovered. 
Thinking now of the encoded message 
as another problem's “solution sheet,” we 
‘conclude that even an algorithm so bad that 
it solves the new “problem” erroneously 
‘99% of the time can be used to recover the 
message correctly, and hence solve the 
original problem, all of the time, Con- 
versely, a problem known to be hard on just 
a few inputs can be transformed into one 
that is hard on nearly all of them. Strange as, 
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it may seem, cryptographers crave such 
problems because hard problems can be 
used to create difficult-to-break encryption. 

Insome cases, Alice may need to recaver, 
say, the 217th bit of the message Bob 
intended without having to read all of the 
message she received. For this we tur to 
“locally decodable” codes and, specifically, 
to a remarkable recent result of Yekhanin 
(6): Bob's message can be encoded so that, 
should a small enough fraction of its sym- 
bols die in transit, Alice would still be able, 
with high probability, to recover the original 
bit anywhere in the message she chooses. 
‘The surprise: She can do it by picking at ran- 
dom a mere three bits of the received mes- 
sage and combining them the right way. 

The randomness of the three single-bit 
lookups makes locally decodable codes 


ideally suited for private information retrieval. 
The concept was introduced by Chor et al. 
(7) to allow users of a database to make 
queries without divulging what they are. 
Yekhanin’s scheme would keep the ano- 
nymity of a query by breaking it down into 
three subqueries and passing on each one to 
a separate copy of the database. Individually, 
each subquery would look random and 
therefore unrelated to the parent query. 
‘Computing theorists have been borrow- 
ing from coding theory for decades. Re- 
cently they have begun to return the favor. 
This symbiotic relationship, it is safe to 
predict, is far from having run its course. 
The quest for a practical solution to private 
information retrieval is still wide open. 
How to turn the beautiful mathematics 
of local decoding into working privacy 


tools is one of the main challenges ahead, 
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ARCHAEOLOGY 


Easter Island Revisited 


Jared Diamond 


ter Island is famous for 
Fim stn i emotes 
ness, its total deforestation, 
its hundreds of giant stone statues, 
their destruction by the carvers* 
‘own descendants, the violent trans- 
formation of its Polynesian soci- 
ty, and as a metaphor for our world 
today (/), New information about 
these themes has recently been 
flooding in from on-going projects. 
‘When first seen by Europeans 
in the 1700s, Easter was almost 
unique among tropical Pacific 
islands in lacking trees over 3 m 
tall. But pollen in swamp cores 
revealed the former existence of a 
atiant palm similar to the world’s 
largest living palm, the Chilean wine palm 
(see the first figure). By identifying 78,000 
its of burned wood from raidocarbon-dated 
ovens and middens, Orliac and Orliac (2) ree- 
ognized more than 20 other tree and woody 
plant species exterminated during human 
settlement. The palm wasmostly gone by A.D. 
1450, and the other large trees by A.D. 1650, 
after which the islanders had to burn grasses 
and sedges instead of wood for fuel. 
The end of the forest brought other huge 
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Before human arrival. n this artist's view. the Poike Peninsula is covered with 
2 forest dominated by a giant palm tree, now extinct. 


losses for islanders. The palm had yielded 
food (more than 400 liters of sap per tree per 
year, plus nuts and palm hearts) and material 
for baskets, sails, thatching, and mats (3). 
Other vanished tree species had yielded edible 
fruits, fiber for rope, bark cloth, and wood for 
canoes, levers, and carvings (2). 
Deforestation also forced changes in horti- 
‘cultural practices (3-6). Easter’ early farmers 
planted crops between the palms, which pro- 
vided fertilizer, shade, and protection for the 
soil, In that first phase, erosion was negligible, 
and horticulture was sustainable (3), Around 
AD. 1280, the islanders began felling the 
palms, removing the trunks (presumably for 


New information about Easter Island is helping 
to identity the cause of the massive deforestation 
that occurred prior to European arrival, but 
‘unanswered questions remain, 


timber), and burning the debris, as 
shown by a radiocarbon-dated 
charcoal layer, burned roots and 
palm nuts, and burned palm 
stumps chopped off near the 
ground, but no lame pieces of 
trunk wood at these sites (3). The 
loss of the palm canopy exposed 
soil to heating, drying, wind, and 
rain. The resulting sheet erosion 
proceeded uphill at 3 m/year, 
removing fertile topsoil and bury- 
ing down-slope settlements and 
gardens (3). Palm burning and 
sheet erosion have been studied 
especially at Poike but also appear 
elsewhere until A.D. 1520. 

Faced with lower crop yields 
a8 a result of deforestation, the islanders 
respondedaround A.D. 1400by occupying the 
formerly litle-used uplands, and by introdue- 
ing the remarkable labor-intensive gardening 
‘method of “stone mulching” on a vast scale 
(3-6). That meant covering half of the island 
‘with more than a billion stones averaging 2 kg. 
in weight (6). In experiments, stone mulching 
decreases soil water evaporation, protects 
against wind and rain erosion, and reduces 
daily temperature fluctuations (7). Pulverized 
stones may also raise soil fertility by slowly 
releasing nutrients (8). That function would 
have been valuable, because nutrient levels 
(especially phosphorus) often limit tropical 
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plant growth. Phosphorus levels in most 
Easter soils are low today, and the islanders” 
extermination of former seabird colonies 
climinated phosphorus input in guano (9). 
‘Van Tilburg and Arévalo have inventoried 
the more than 900 statues on Easter Island 
(10). They have also 
mapped the interior 
of Rano Raraku 
crater, from whose 
stone most. statues 
‘were carved. The carving areas define 19 dis- 
tinct quarries, grouped into a western and an 
eastern set of quarries, The crater’s western 
half produced statues resembling those on 
platforms (ahu) in the island’s western part, 
whose clans had higher social status, and 
here ahu occur earlier. The crater’ less 
accessible eastern half produced bigger stat- 
ues resembling those on the late eastern Ahu. 
Tongariki, with 15 huge statues of up to 
90 tons. This contrast suggests that eastermers 
challenged westemers for status and sup- 
remacy by erecting larger statues (see the 
‘second figure) (//). 

Vangas etal. (12) recognized archacologi- 
cal style changes toward the 1600s as wood 
became scarce, There was a proliferation of 
more than 1000 stone buildings 2 m in height, 
described in oral tradition as chicken houses: 
Vargas et al, indeed found chicken bones, 
feathers, eggshells, and guano in many of 
them. Human houses became smaller and 
were built with less wood. Earth ovens became 
stone-lined for efficiency when firewood was 
scarce, Oral traditions describe caves as 
refuges during the late period of chronic Fight- 
ing; that tradition was confirmed by features 
indicating prolonged occupation of a defensi- 
ble site. The caves were closed by massive 
stone walls, accessible through a narrow 
centrance, and pravided with food and utensils. 

Thus, major changes unfolded on Easter 
Island before European arrival. Those changes 
included deforestation; the loss of palm sap as, 
food and water source; switching from wood 
to grasses and sedges as fuel; establishing 
stone mulching; ceasing to carve statues, 
because deforestation meant no more big logs 
and fiber rope for transport; abandoning 
upland plantations, probably used to feed 
workers transporting statues; and (as de- 

§ scribedin oral traditions) increases in warfare, 
£ statue destruction by rival clans, and use of 
2 refuge caves. However, alternative views have 
& been proposed. 

3 One view is a version of Rousseau’s noble 
: savage myth: the claim that bad things began 
i 


pode 


happening on Easter only after European 
arrival (13-15). Undoubtedly, Europeans on 
Easter, as elsewhere in the Pacific, did serious 
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harm through slave raids, worsened erosion, 
and introduced diseases, grazing animals, and 
plants. But this view ignores or dismisses the 
abundant evidence, summarized above, for 
pre-European impacts. 

Another view recognizes pre-European 
deforestation but blames it on hypothesized 
droughts (2), However, there isno direct infor- 
mation about climate change on Easter 
between A.D. 1000 and 1700, Easter’ forests 
had already survived tens of thousands of 
years of climate fluctuations (/), and it seems 
unlikely that a drought in the 1600s (if there 
was one) destroyed the forests just coinci~ 
dently soon after human arrival. 

According to a third view, deforestation 
was caused by introduced rats, as suggested 
by rat gnaw marks on many nuts of the extinct 
palm (/5). This hypothesis does not account 
for all those palm stumps 
cut off at the ground and 
bbumed, nor for the larger 
number of palm nuts 
bummed rather than gnaw- 
ed, nor for the disappear- 
ance of the long-lived palm 
trees themselves (with an 
estimated life span of up 
to 2000 years) (/6). If 
rats were responsible, they 
‘were unusual anes, equip- 
ped with fire and hatchets 
Thousands of other Pac- 
ific islands overrun by 
introduced rats were not 
deforested, and many 
other tree species that 
survived on other rat- 
infested islands disap- 
peared on Easter (16). 

Instead, Easter’s de- 
forestation can be understood in terms of its 
environmental fragility. Throughout the 
Pacific, islanders brought rats and felled and 
burned trees. The resulting pre-European 
deforestation ranged from negligible on some 
islands to complete on Easter. Among 81 
islands analyzed, this variation in deforesta- 
tion parallels measured variation in nine envi- 
ronmental parameters that determine tree 
growth rates: The more slowly trees grow 
back, the more extensive was deforestation 
(27). All parameters were stacked against 
Easter: It is relatively cold, dry, low, small, 
and isolated, with negligible nutrient inputs 
from atmospheric dust and volcanic ash, rela- 
tively old leached soils, and no uplifted-reef 
terrain. Thus, Easter became deforested 
not because its inhabitants were uniquely 
improvident, nor because its European visi- 
tors were uniquely evil, but because Easter 
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Islanders had the misfortune to inhabit one of 
the Pacific’s most fragile environments. 

‘Much remains to understand about Easter, 
Here are my six favorite unsolved questions, 

First, was Easter's mysterious rongorongo 
\riting invented after or before the arrival of 
Europeans? If the latter were true, Easter 
would have been by far the world’s smallest 
society to invent writing independently. 
Orliac’s recent '*C-dating of one surviving 
rongorongo object is a tantalizing first step 
toward an answer (/8). 

‘Second, did Easter Islanders live in isola- 
tion from other humans from the time of colo- 
nization until European arrival, or did further 
Polynesian settlers arrive? For instance, was 
the sweet potato brought by the first setlers, 
or only later (19)? 

Third, when, within the period from A.D. 


‘No mean feat. Van Tiburg and Ralston (12) enlisted modern islanders to 
rag a 9-ton statue over a distance of 10 km, using methods described in 
‘ra traditions The task required 70 adult pulling in unison, supported and 
{ed by their famities numbering about 400 people. By extrapolation, Ahu 
Tongariki’s big statues required a population of thousands in the eastern 
chiefdoms alone. 


800 t0 1200, did the first settlers arrive (12, 
16, 209? This question is unlikely to be solved 
by finding and dating the first settlement site 
itself, which would be like seeking a needle in 
‘haystack. Instead the answer will come from. 
dating widespread impacts left by the first set 
tlers, such as burned charcoal (/6) and annual 
sediment layers (2/) in swamp cores, appear= 
ance of rat bones, and declines in numbers of 
bones of native birds killed by settlers (9), 

Fourth, along what time course did Easter's 
human population rise and fall, and what was 
the peak population? Vargas er al. have 
reported an intial analysis based on hundreds 
of dated archacological sites (/2). 

Fifth, was each of Rano Raraku's 19 quar- 
ries owned by a different one of the dozen or 
more territorial clans described in Easter oral 
traditions (10)? 

Finally, stone itself cannot be radiocarbon- 
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dated. By what other method can we date the 
statues and ahu, recognize stylistic changes 


with time, and specify (independently of the 
oral tradition suggesting around A.D. 1680) 
‘when the last statue was carved? 
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PHYSICS 


Electrons Acquire a Split 
Personality in Bismuth 


‘Andrew Huxley and Andrew G. Green 


then many identical particles such 

\ \ ] as electrons interact with each 
other, new and unusual quantum 

states can emerge, Given that a single cubic 
centimeter of condensed matter may contain 
fas many as 10° electrons, however, one can- 
not hope to identify from theory all the states 
that may form. Guidance from experiment is 
crucial, For example, fractional quantum Hall 
states, which occur when electrons interact 


Fractional states. In this schematic picture ofa fractional quantum 
Hall state, the electrons (represented by spheres) are confined to 
‘move on a 20 surface traversed by flux tubes (represented 


boy arrow). pair of flux tubes is associated with each 
electron to form a composite abject. A third flux 
tube per electron remains unbound. This 
«causes the composite objects to move in quan- 
tum orbits, completely filing one orbit Level, 


and regroup to create new “quantum pat 
cles” with noninteger electrical change, were 
identified only after the experimental obser- 
vation of strange features in the electrical con- 
ductance of a two-dimensional (2D) sample. 
(On page 1729 of this issue, Behnia eral. report 
‘measurements revealing signatures similar 
to those associated with fractional quantum 
Hall states, but in 3D crystals of bismuth (/).. 
Because 2D confinement of the electrons is, 
fundamental to the accepted understanding 
of fractional quantum Hall states, this pres- 
ents a new challenge: to understand how the 
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observed behavior can occur ina 3D host. 

Magnetic fields are the key. An applied 
magnetic field causes electrons to move in 
quantum orbits that are organized in levels 
somewhat similar to the energy levels in an 
atom. Inthis case, the number of orbits in each 
level is proportional to the strength of the 
‘magnetic field, and in 2D materials the levels 
have distinct energies. Physical properties 
such as electrical conductance show oscilla- 


tions as the magnetic field increases, reflect- 
ing successive changes inthe numberof levels 
needed to accommodate the electrons. Im- 
purities can provide a reservoir of electrons, 
preserving the complete filling of a level over 
aarange of fields. This changes the oscillations 
into steps, and such steps are seen in the 
so-called integer quantum Hall effect. 
Above a certain field, the quantum limit is 
reached where the lowest-energy level can 
accommodate all of the electrons. Gather- 
ing all the electrons together in this way 
provides perfect conditions for the forma- 
tion of new collective states. 

Tsui et al. (2) observed plateausin the Hall 
resistance corresponding to fractional elec 
tron filling of the lowest-energy orbits, evi- 
dence that new states form when the field is 


Unusual collective quantum states seen 
only in two-dimensional layers of electrons. 
may have now been observed in a three- 
dimensional metal. 


increased above the quantum limit in 2D 
electron gases, In other words, these states 
bbchave as though they are composed of parti= 
cles possessing fractions of the charge of an 
electron, Laughlin (3) subsequently pro- 
posed a wave function that could account for 
the plateaus, 

One way to visualize Laughlin’s wave 
function is to consider the magnetic field to be 
composed of flux tubes with cach electron 

attached to a specific num- 
ber of flux tubes to form a 
composite object (see the 
figure), The objects behave as 
fermions or bosons (the two. 
categories into which all quantum 
particles must fall), depending upon 
whether they are made with even or 
‘odd numbers of flux tubes (4). In the 
standard fractional quantum Hall state, an 
‘even number of flux tubes are bound to each 
clectron so that the composite objects behave 
like fermions. The composite fermions orbit 
around remaining unattached flux tubi 
aziving rise to plateaus of the Hall resistance 
as with the integer quantum Hall effect. The 
plateaus occur for fractional fillings of the 
lowest electron orbit type because the un- 
bound flux tubescorrespond to only a fraction 
‘of the total magnetic flux. 

In 3D materials, such as bismuth, each 
orbit spans a range of electron energies owing 
to the motion of the electrons along the third 
direction, This means that the quantum Hall 
effect does not occur, but asthe magnetic field 
is increased, physical properties still undergo 
‘small oscillations known as quantum oscilla- 
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tions. Above the quantum limit, all the electrons: 
are inthe lowest-orbit level but still havea range 
of kinctic energies owing to their motion along 
the field direction. The experiments of Behnia 
etal. explore what happens in this case. 

‘They report measurements of the trans- 
verse voltage induced across a single crystal 
of bismuth by a longitudinal temperature gra- 
dient as the magnetic field is varied. Such 
voltages, known as the Nernst signal, have 
been used as sensitive probes of the motion of 
¢lectrons in superconductors (5).The origin of 
the Nernst signal in bismuth, which is not a 
superconductor even in zero magnetic field, is 
different and at low magnetic field is ascribed 
to normal electrons. Behnia et al. now show 
that the Nemst signal has well-defined peaks 
at high fields (well above the quantum limit) 
indicating the presence of fractional charge 
behavior in a bulk metal, 

‘Although the detailed behavior of the Hall 
coefficient at low fields around and betow the 
‘quantum limit is not yet understood in bis 


muth, Behnia er al, also observe signatures at 
high field reminiscent of the fractional quan- 
tum Hall effect in2D electron gases. However, 
the lack of clear plateaus of the Hall resistance 
makes it very difficult to assign filling factors 
to these features. Behnia er al. tentatively 
assign a level filling of 'to the first such 
feature, based on the magnetic field at which 
itoccurs. Because this filling factor is atypi- 
cal for 2D electron gases in the archetype 
fractional quantum Hall system gallium 
arsenide, understanding why it might be sta- 
bilized in bismuth will be one of many chal- 
lenges for theoreticians, 

The main theoretical challenge, however, 
is to understand the role of dimensionality. A 
‘way to construct a 3D quantum Hall state is to 
start with 2D sheets of electrons stacked along 
the third dimension. The electron behavior 
becomes 3D through quantum tunneling of 
electrons between the layers. Experimental 
systems of this behave like normal metals in 
the direction perpendicular to the layers and 
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‘exhibit fractional quantum Hall states within 
the plane, as predicted theoretically. The data 
reported by Behnia eral. for bismuth also dis- 
play these two types of behavior. However, in 
bismuth the natural starting point is a 3D 
metal, and a theoretical understanding of how 
similar states may form from this starting 
point does not exist, 

As well as presenting challenges to theory, 
the work is also a catalyst for future experi- 
mental studies. For example, in the 2D frac- 
tional quantum Hall state, many more frac 
tional states appear as purity is increased. It 
will be interesting to see whether similar phe- 
nomena occur in bismuth, 
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BIOCHEMISTRY 


How Cells Control Zinc 


Homeostasis 


Dietrich H. Nies 


ivalent metal cations are essential for 
D I living cells. For example, Mg” 

stabilizes the phosphates in adeno- 
sine triphosphate (ATP), and Zn* is required 
for transcription, immune finetions, and neu- 
rotransmission. On page 1746 of this issue, Lu: 
and Fu report the structure of a zine transport 
protein that elucidates how the zine concen- 
tration of the cell is controlled (/). 

Tight control of the cellular concentration 
of divalent metals (a process referred to as 
‘metal homeostasis) prevents the formation 
of metal complexes or the occurrence of 
redox reactions that are toxic to the cell. 
‘Sequestration of transition metals to metal- 
binding and storage compounds prevents 
unwanted chemical reactions. However, the 
key to metal homeostasis is transport. This 
‘metal homeostasis can be envisioned as the 
equilibrium between metal uptake and efflux. 
Understanding metal homeostasis thus re- 
quires knowledge of the structure and func- 
tion of the transport proteins involved. 
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Luand Fu now reveal the structure of YiiP, 
atransport protein for transition metal cations, 
from Escherichia coli. Toyoshima reported 
the structure of the Ca*"-transporting P-type 
adenosine triphosphatase (ATPase) (2); many 
members of the P-type ATPase protein family 
transport zine. Thus, we now have structures 
for the two known zinc exporter families. 
‘Common motifs in these two exporter fami- 
lies and that of uptake systems for divatent 
metal cations (3, 4) indicate that flux control 
of transport proteins through the metal con- 
centration may be an important contribution 
to metal homeostasis. Moreover. the struc- 
tures demonstrate how such a process may be 
accomplished. 

‘The YiiP protein belongs to the cation dif- 
fusion facilitator (CDF) protein family. CDF 
proteins (5) occur in bacteria, archaea, and 


ce, Mn, and Fe; the ZnT 
(zinc transport) proteins from humans mainly 
transport Zn™. In addition to efflux, CDF pro- 
teins may also be involved in cation uptake 
when the metal concentration in the cyto- 
plasm is too low (7, 8).. 

YiiP (/) is.a dimeric protein, in which the 
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The structure ofa transport protein for divalent 
metal cations sheds light on how metal 
concentrations in the cell are regulated. 


‘transmembrane domains of the two subunits 
are clearly separated but the carboxyl-termi- 
nal cytoplasmic domains are closely associ- 
ated (see the figure, right). Fuand Lu identify 
four bound Zn** ions per subunit, two in or 
next to the transmembrane domain and two in 
the cytoplasmic domain, Three of these ions 
seem to be required to form and stabilize the 
YYiiP dimer, the active form of the protein. In 
the Mg” uptake systems CorA and Mgt (see 
the figure, left, the magnesium-binding sites, 
are in the cytoplasmic domains, which sug- 
‘gests that Mg?” uptake is controlled by cyto~ 
plasmic Mg** concentrations (3, 4); the diva 
lent metal cation is only taken up when 
needed. Similarly, the YiiP structure indicates 
that superfluous Zn*> in the cytoplasm may 
lead to or stabilize the formation of the active 
dimer, which exports Zn?” until homeostasis 
isattained. 

Control of zinc efflux via activity (rather 
than gene expression) might be required for 
‘two reasons, First, flux control enables much 
quicker and finer control of the cytoplasmic 
zinc concentration than can be achieved by 
gene expression, which happens in addition to 
flux control for many known Zn** efflux sys- 
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tems (9), Second, Zn** is taken up into most 
cells by highly specific Zn’ uptake systems 
that are expressed under conditions of zine 
starvation, However, other uptake systems 
(such as Mg?" uptake systems) also transport 
Zn" nonspecifically. Because these nonspe- 
cific systems are regulated by their specific 
substrate, but not by Zn*”, this may lead to 
superfluous zine concentration in the cyto- 
plasm, necessitating activated Zn?” efflux. 
‘These nonspecific uptake systems import a 
range of divalent metal cations until the con- 
centration of the main substrate, such as Mg”, 
reaches the desited cytoplasmic concentration, 
Following that, the various efflux systems (for 
example, CDF proteins and P-type ATPases for 
‘Zn**) select and remove with high specificity 
all those cations that reach dangerous concen 


trations. Thus, the con- 
trolled flow of metal 
cations though acellu- 
lar compartment reg- 
ulates not only the 
ambient concentration 
of one metal cation 
butalso the composition of the complete set. 

‘The YiiP structure far increases our under- 
standing of CDF proteins and of zine home- 
stasis, but many questions remain open. YiiP 
transports Zn? in vitro (/0), but in vivo (11), 
its main substrate is Fe®. Thus, YiiP is the 
first model not only for a transition metal 
transporter but also for a bacterial Fe?” efflux 
system. However, it is currently not known 
Which metal cation binds to which site in vivo 
and what consequences these binding events 
have on stabilization of the structure, regula- 
tion, oF transport. 

Answers may come from an unexpected 
direction. The cytoplasmic domain of YiiP 
forms a metallochaperone-like structure 
(2), and interactions between metallochap- 
erones and transport proteins are essential 


Controlling cellular metal homeostasis. The backbone of cellular metal homeo- 
stasis a flow equiibrium of uptake and efflux reactions, Activity of ether transport 
process seems to be controlled by cytoplasmic concentrations of divalent metal 
Cations (i?) Solid ins, transport, dashed tines, regulation of transport activity red, 
inhiition; green, activation. Uptake (let) can be understood from the structures of 
the Mg?* uptake systems MatE (4) and CorA @), which also transport other divalent 
‘metal cations. Binding of Mg? to sitesin cytoplasmic domains of either protein (red 
circles) closes the gate and prevents cation uptake at suficint cytoplasmic concen- 
trations (red dashed line with crosses). Sima, the Zi” elflux gate (right) may be 
‘opened through binding of Zn? to sites 22,23, and 4 (green circles) in the cytoplas- 
‘mic domain of YiP (2) Thus, supedluous cytoplasmic Zn?” concentrations may stim- 
ulate eft (green dashed line ending with “+") 


for cellular copper homeostasis mecha- 
nisms (J2), No cytoplasmic zine chaperone 
is known, Nevertheless, knowledge of the 
interaction between transport and binding 
processes may be the key to unraveling the 
mechanisms by which the cell controls zine 
concentrations. 
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Home for the Precious Few 


‘Steve DiNardo and Robert E. Braun 


ells in multiceltular organisms rarely 
( escape the influence of other cell 

types. This is especially true for stem 
cells, which reside in tssue-specificniches, or 
homes. Niche cellsregulate fundamental stem 
cell properties, including long-term survival, 
proliferation, and the balance between cell 
divisions that are self-renewing or differentia- 
tive. Simply identifying a niche can stimulate 
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hypotheses about these properties. For in- 
stance, the identification of neural stem cells 
ina vascularniche (/) suggested correctly that 
co-culture of these stem cells with vascular 
endothelial cells could affect their potency 
(2). Similarly, in fruit fly gonads, identifying 
the germline stem cell niche led tothe elucida- 
tion of locally acting self-renewal signals, and 
revealed how oriented cell divisions con- 
tribute tostem cell fate (3-6). On page 1722 in 
this issue, Yoshida et al. (7) take an exciting 
step toward identifying stem cell niches in the 
mammalian testis. 

It was initially surmised that testis stem 
cells must exist because men make sperm for 


Live imaging reveals that branching of blood 
vessels in the mammalian testes may define 
the location of niches for germline stem cells. 


decades. Then, in rodent models, it was 
‘observed that spermatogenesis would natu- 
rally be reestablished after a severe toxic 
insult. Spermatogonial stem cells were even 
tually identified when a preparation of cells, 
from a donor mouse testis was shown 
to repopulate spermatogenesis when trans 
planted into the tests ofa sterile recipient 
‘mal (8). As with any tissue maintained by 
stem cells, only a small fraction of testis cells 
are spermatogonial stem cells. But where is 
hhome for these precious, few cells? 

In mice, putative spermatogonial stem cells 
‘were initially identified histologically, astype A 
single (A_), undifferentiated cells. A, cells gen- 
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erate a transit-amplifying pool of intercon- 
nected daughter cells, A,, (paired) and A., 
(aligned), which mature into more differenti- 
ated germ cells. Recent studies have deter- 
‘mined that genes expressed in the A,, A, and 
A,, cells act autonomously to regulate sper 
‘matogonial stem cell self-renewal (9, 10). 
Despite this progress, the specific identity of 
‘bona fide spermatogonial stem cells is still in 
question. Are some or all A, cells—or even 
some of the transit-amplifying cells—sper- 
‘matogonial stem cells? Yoshida and colleagues 
(1) recently combined a creative labeling 
‘method with a transplantation/repopulation 
assay to follow spermatogonial stem cells in 
normal mouse testes and in testes (depleted of 
resident spermatogonial stem cells) that were 
recipients of transplanted cells. Remarkably, 
these two analyses gave different results, sug- 
gesting that the stem cell population is not 
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‘At home, in small narrow places. Spermatogonial stem cells tocal- 
ite to interstitial regions between seminiferous tubules in the mouse 
testis This implies that interstitial cells and branching blood vessels, 


secrete factors (arrow) that influence stem cell fate. 


homogeneous. Instead, their data sues that 
the A, A,, and A, cells exhibit differing 
degrees of Sem cell potential, with the highest 
potential perhaps in the A, cells. Sperma- 
togonial stem cell potential is revealed by the 
degree of niche occupancy. In normal testes, 
niches are generally occupied by stem cells 
with the highest potential for self-renewal. But 
in recipient testes depleted of resident sper= 

§f matogonial stem cells, transplanted cells can 
fill unoccupied niches, even ifthe cells have a 

low potential forsef-renewal. 

Unlike in fruit flies and worms, however, 
the mammalian seminiferous tubules—sites 
§ inthe teats where spermatozoa mature 
3 do not offer an obvious anatomical niche. 
§ Although spermatogonial stem cells are 
& in direct contact with constituents of the 
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tubules—Sertoli cells (that nourish develop- 
ing spermatogonia) and the basal lamina that 
surrounds each tubule—no functional sub- 
compartment has been identified among the 
vast area delimited by these components. 
Glial cell line-derived neurotrophic factor 
(GDNF), secreted by Sertoli cells, affects 
spermatogonial stem cell behavior (/2), 
but whether this factor is made by all or only 
a subset of Sertoli cells is uncertain. Ad- 
ditionally, a receptor subunit for this factor 
is selectively enriched on undifferentiated 
gonial cells (/3), which is not consistent with 
a simple model in which GDNF determines 
spermatogonial stem cell fate. 

So, where is home for resident spermatogo- 
nial stem cells? Yoshida et al. use heroic three- 
dimensional reconstructions and live imaging 
(up to 4 days) of the mouse tests to draw infer- 
ences about the niche. Of necessity, the authors 
followed undifferentiated sper- 
matogonia, and not “pure” stem. 
cells, but they analyze the data 
exhaustively and interpret it 
with great care. They conclude 
that these primitive cells are not 
randomly positioned around or 
along a seminiferous tubule, 
but rather are enriched at de- 
fined positions, usually where 
the interstitial arca just outside 
the tubule is filled with various 
celltypesand, curiously, branch- 
ing blood vessels (see the fig- 
ure). Although an association 
with the interstitium had been 
suggested for spermatogonial 
stem cells, the external vascula- 
ture had not been implicated 
(U4). In addition, although 
spermatogonial migration had 
been previously proposed. it 
had never been visualized five. 
Now, Yoshida er al. see that once small chains 
of A, cells are produced, they migrate along the 
inside surface of the basal lamina. Later, these 
cell groups divide to form larger chains of dif- 
ferentiating spermatogonia. The extent of this 
process had not been appreciated until now. 

‘The position of spermatogonial stem cells 
near the interstitium implies the existence of 
secreted factors that must act over a distance 
to influence the niche. Factors emanating 
from interstitial cells must traverse a cellular 
and biochemical barrier (the myoid cell layer 
surrounding seminiferous tubules, and the 
basal lamina upon which myoid cells are situ- 
ated; see the figure) before they can gain 
access to the niche compartment. Interstitial 
factors—perhaps testosterone from Leydig 
cells in the interstitium or unknown factors 
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from the blood yessels—could act directly on 
the spermatogonial stem cells. Alternatively, a 
relay might be engaged, whereby signals act 
on myoid or Sertoli cells, which in turn act on 
the spermatogonial stem cells. 

Regardless of the mechanism, the limited 
number of active niches suggests strongly that 
all Sertoli cells cannot be equal. Pethaps, as the 
present work suggests, only Sertoli cells near 
intersttia that harbor a branched vasculature 
‘can support spermatogonial stem cells. To 
investigate this possibility, the authors grafted 
tubule segment, labeled with green fluorescent 
protein, from a donor tests into an unmarked 
host testis. They found that undifferentiated 
cells were enriched nearthe realigned host vas 
cculanure. Despite the intriguing association of 
other progenitor cells with vasculature (1), it 
remains unclear whether vascular branches in 
the mouse testis generate the niches (where 
spermatogonial stem cells are found), or 
\Whether stem cells, under hypoxie stress, cause 
nearby vessels to branch, 

‘Spermatogonial stem cells make only 
spermatozoa, However, cells cultured from 
mouse testes have been coaxed toward mul- 
tipotency and even pluripotency (/5, 16). 
These cultures were enriched (and not 
pure”) in spermatogonial stem cells, so pre- 
cisely which cells were manipulated is qui 
tionable. The location of the niche might 
suggest new candidate signals that influence 
stem cell behavior, leading to the eventual 
purification and efficient expansion of sper- 
matogonial stem cells in culture. That, in 
turn, might lead to the coaxing of human 
spermatogonial stem cells toward pluripo- 
tency, yielding a ready source of cells un- 
tainted by ethical concerns associated with 
deriving embryonic stem cells. 


References 

4, T.0, Palmer A.R. Wilholte, FH, Gage). Comp New 
425,479 (2000, 

2. Q.Shenet a, Science 304, 1338 (2008) 

3. T.tle, AC Sprang Ce 94,251 (1998). 

4. N Tuna, E Matus, Science 294, 2546 2002), 

5. A.A.Kieret al, Sdence 294, 2542 (2000. 

46. Y.ML Yamashita, DL Jones, MT. Fully, Science 302, 
1547 (2003) 

7, S.Yoshida, M. Sukeno,Y-. Nabeshima, Science 327, 
1722 (2007, 

‘8. RLL Brine, J. W. Zimmermann, Proc. Mat Acad. Sc. 
USA 91, 11298 1994), 


9. F.W.Buans ef al Nat Genet 36, 647 (2008) 
1D. J-A.Costoya ta, Nat Genet. 36, 653 (2008) 

11, T.Nokapama, ¥ Nabeshima, 5, Ysbida, De. Cell 12,195 
2000). 

2, K. eng et al, Science 287, 1489 (2000) 

33. 5. Yoshida etal, Der. Bio 269 447 (2008). 

14. HChiarin-Garca, A.M. Raymer, LD. Russel, 
Reproduction 126, 69 (203) 

35. M anatu-Shinohara etal, Cell139, 1001 (2008). 
16, K.Guan etal, Nature 440, 1199 2006) 


10 1126/science 1149533, 


1697 


1698 


Circuits with Light at 
Nanoscales: Optical Nanocircuits 
Inspired by Metamaterials 


Nader Engheta 


‘A form of optical circuitry is overviewed in which a tapestry of subwavelength nanometer-scale 


silver, aluminum, and copper are highly conduc- 
tive materials at RF and microwaves and con- 
sequently are commonly used in many circuits in 
these regimes. However, at optical frequencies, 
‘some noble metals behave differently in that they 
do not exhibit conductivity in the usual sense but 
instead exhibit plasmonic resonance (ie., cou- 
pling of optical signals with collective oscillation 
‘of conduction electrons a these metal surfaces) as 
‘result of the negative real part of their permit- 
tivities. Therefore, clearly, at optical wavelengths 
the conduction current may not be the main 
‘current flowing in such lumped optical elements, 


metamaterial structures and nanoparticles may provide a mechanism for tailoring, patterning, and 
manipulating local optical electric fields and electric displacement vectors in a subwavelength domain, 
leading to the possiblity of optical information processing at the nanometer scale. By exploiting the 
‘optical properties of metamaterials, these nanoparticles may play the role of “lumped” nanocicuit 
‘elements such as nanoinductors, nanocapacitors, and nanoresistors, analogous to microelectronics. | 
show that this concept of metamaterialinspired nanoelectronics ("metactronics”) can bring the tools 
and mathematical machinery of the circuit theory into optics, may link the fields of optics, electronics, 
plasmonics, and metamaterials, and may provide road maps to future innovations in nanoscale optical 
devices, components, and more intricate nanoscale metamaterials, 


‘microelectronics, the notion of a circuits a 
rere in which a flow of a certain 

quantity (€.g,, electric current as the “flow” of 
charges) is related to a potential of another quan- 
tity (eg, electric potential through the functions 
of “lumped” elements (c.g, resistor, inductor, 
‘capacitor, diode). This “lumpedness” of circuit 
elements is an important assumption in model- 
ing, allowing simplification and, effectively, mod- 
‘larization of the function of each element. From 
4 systems point of view, in effect what is hap- 
‘pening inside the element becomes less relevant 
to the connectivity and functionality ofthis mod- 
‘ularized element to the rest of the system. This 
‘notion has been extensively and successfully used 
in the radio frequency (RF) and microwave do- 
mains and has been proven to be a powerful (oo! 
in the design, innovation, and discovery of new 
functionalities in circuits in those frequency do- 
‘mains. Extending the operating frequency to 
hhigher frequency regimes—for example, tera- 
hertz, infrared (IR), and visible wavelengths. 
‘may in general lead to miniaturization of devices, 
hhigher storage capacities, and larger data transfer 
rates. Therefore, a natural question may be asked: 
‘Can this concept of lumped circuit elements, and 
the mathematical machinery and tools of circuit 
theory, be extended and applied to the optical 
domain? Initially, one may imagine that merely 
scaling down the sizes of elements from the 
microwave to optical wavelengths may achieve 
this goal. However, several obstacles must be 
‘overcome before such optical lumped elements 
«ean be conceived. The first challenge is the size 
of such an optical module, Just as circuits in the 
lower frequency domains (e.g. in RF and micro- 
‘wave domains) indeed involve elements that ane 


Univesity of Penngjivaria, Department of Elecical and 
‘Systems Engineering, Philadelphia, PA 19204, USA. E-ma: 
engheta@ee upenn dy 


21 SEPTEMBER 2007 VOL 317 SCIENCE 


much smaller than the wavelength of operation, 
fabrication techniques can be used (0 construct 
nanoparticles with subwavelength dimensions at 
optical wavelengths. Therefore, the obstacle of 
size reduction may be overcome, The second, 
‘more limiting, hurdle is the response of metals at 
IR and optical frequencies, which cannot be sim 
ply scaled from RF to optics. Metals such as gold, 


Instead, the other well-known current term, which 
arises from the Maxwell equations, that is, the 
electric displacement curent density {2 can be 
used as the “flowing optical current.” Therefore, 
just scaling down the clement size may not 
‘provide answers t the above questions. 


Lumped Optical Nanoelements 
With these issues in mind, my group took an en- 
tirely different approach 1 address the above 
‘questions (/). Imagine a deeply subwavelength- 
size nanoparticle made of a nonmagnetic material 
with permittivity e illuminated with a mono- 
chromatic optical signal with angular frequency 
(Fig. 1A) (2). After solving the Maxwell 
‘equations for the optical electric and magnetic 
vector fields inside and near this small. particle, 
‘one can specify and evaluate the optical electric 
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Fig. 1. Subwavelength nanoparticles as lumped nanocircuit elements at optical frequencies, and the 
collections of such nanoparticles. (A) A nanoparticle, with subwavelenath size, when illuminated by a 
‘monochromatic optical signal, can effectively play the role of a lumped optical circuit element, 
depending on the permittivity of its material (2). (B) An optical nanomodule, formed by a material 
nanoparticle with subwavelength siz, covered om its sides by layers of material with a very low real part 
of relative permittivity and on its two ends by Layers of material with a very high real part of relative 
permittivity. This may perform as an insulated, lumped optical nanoelement with two connecting 
‘terminals. (C) tlustration of the concept of mn-circuits, several lumped optical nanomodules of (8), 
arranged next to each other, with a subwavelength dimension. When this mn-crcut is excited by an 
optical signal, the optical electric fields and displacement currents in these elements are tailored and 
patterned such that this collection of particles may behave approximately as the circuit shown on the 
left in a specific frequency band. 
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displacement current flowing into and out of this 
particle, and because the particle is small com- 
pared with the wavelength one can also define an 
averaged optical electric potential across this 
particle (1, 2), The ratio of these wo quantities, 
‘optical potential to displacement current, can then 
bbe assigned as the optical “lumped impedance” 
ofthis nanoparticle, Such an impedance is clearly 
dependent on the shape and size of the particle, 
the materials forming the panicle, the optical 
frequency, and possibly its orientation with re- 
spect to the impressed optical electric field. It 


particle may represent (J): If the material is a 
‘conventional dielectric (e-g., Si02 oF Si) with 
Re(e)> O at optical frequencies, the nanoparticle 
will act as a capacitive impedance (Lc, nano- 
capacitor: if, however, the particle is made of 
material with Re(e) <0 at optical wavelengths 
(cg, noble metals such as Ag and Au), the 
Particle may behave as a negatively capacitive 
impedance, which implies that it will behave 
as an inductive impedance (i.c., nanoinductor) 
(3¥; and when the material exhibits some material 
4oss, that is, when its Im(e) #0 (which is almost 


‘tums out that the choice of material can deter- 
‘mine the type of lumped impedance the nano- 


always the case), a “nanoresistor” element should 
be included in the nanocircuit representation of 
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Fig. 2. Designed functionality: an example of fitering properties of optical mn-circuits. (A) RF circuit 
‘on the left shows a standard band-pass RIC filter; the mn-circuit on the right shows the cross section of 
2D optical counterpart of such nanofiters, formed by juxtaposing two nanorods, one made of SisNy 
with permittivity of ~4.33¢9 and the other made of Ag with a Drude model dispersion consistent with 
the silver permittivity data from the literature. The inset shows the zoomed-in 20 full-wave numerical 
simulation of optical electric field vectors, when a 421-nm-wavelength optical signal guided in this 
‘waveguide impinges on these two nanorods. (B) Amplitude and phase of the transfer function of the 2D 
‘nanofiter shown in (A). In each plot, the two curves are shown, one representing the full-wave 2D 
simulation of the nanorod collection (black) and the other the result of the lumped circuit theory (red). 
The good agreement between the two curves supports the notion that the two nanorods indeed 
effectively act as lumped elements. (C) A cross section of a more complex 2D mn-circuit formed by six 
nanoelements (three nanoinductors and three nanocapactors) is sketched in the left (color codes as in 
Fig. 10, representing the circuit shown in the middle panel. A snapshot of optical electric field 
distribution in this cross section, when the mn-circuit is excited by a plane wave from the left, és 
‘obtained using the full-vave 2D numerical simulation and is shown on the right. 
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the nanoparticle. This behavior is consistent with 
the dispersion properties of dielectric functions of 
‘optical materials discussed in (4). Other nonlinear 
Jumped elements, such as an optical lumped 
‘nanorectfier-nanodiode, may also be envisioned 
‘when nonlinear optical materials are mixed with 
plasmonic nanoparticles. Before moving forward 
toward such optical nanocircuits, we need to ex 
‘pand on the analogy with conventional RF circuits, 
In standard RF circuits, the individual lumped 
‘elements are insulated from each other by non- 
‘conducting insulating materials (e.g, dielectric oF 
air) and are connected to other elements only at 
their terminals using conducting wires, In short, 
‘one does not usually have to be concemed about 
the leakage of conduction cument from the 
middle of the lumped elements. In the optical 
domain, however, the optical electric displace- 
‘ment current in the nanoparticles considered here 
‘can in general leak into and out of different parts 
of the nanoparticle surface. This current leakage, 
‘which can lead to coupling among various tightly 
packed nanoelements, can be accounted for as 
‘dependent sources in the circuit paradigm (1). To 
strengthen the analogy between the (wo para 
ddigms of the conventional RF circuits and. the 
‘optical nanocireuits envisioned here, we have pro- 
posed the use of additional thin layers of materials 
\with proper values of permitiity around the nano 
paricles (5), Forthese layers to act as “insulators” 
for the optical displacement current, that is, 10 
allow negligibly small displacement current and 
to stop the leakage, the real part of their rel= 
ative permittivities needs to be very small. Such 
“epsilon-near-zero” (ENZ) materials, if designed 
properly, should prevent leakage of the optical 
‘electric displacement current, because inside such 
‘materials the displacement vector D should be 
negligibly small for a finite electric field, On the 
‘other hand, if one wants layers of materials that 
allow an easy flow of displacement current with- 
‘out introducing a noticeable optical electric Field, 
materials with high relative real part of permit- 
tivity should be considered, because in such high- 
pemnitivity media a very small electric field ean 
produce a high amount of displacement current. 
Such “epsilon-very-lange” (EVL) materials can 
play the role of nanoscale “conduit” for the op- 
tical displacement curent, analogous to the role 
that metallic wires play for the conduction current 
in the RF domains. Now let us consider a sub- 
Wavelength nanoparticle that has a thin layer of 
‘an ENZ material around its sides and thin layers 
‘of EVL materials on its two ends (Fig. 1B), Such 
‘8 composite nanoparticle can allow the flow of 
the optical displacement curent in and out ofits 
two EVL temninals and yet confine this current 
within it without any Leakage from its ENZ side 
(5). Depending on the permittivity of the main 
‘material in the particle, this composite nanostruc~ 
ture can indeed act approximately as a modular- 
ized lumped nanoelement at optical frequencies. 
‘Thus, the addition of the ENZ and EVL materials 
for shielding and connecting the nanoparticle, al- 
though notalwaysnecessary, can provide us with 
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a closer analogy between the RF and the optical 
circuit concepts and can also lead to lumped im- 
pediance values that would effectively be inde- 
pendent of the orientation of this nanomedule 
‘with respect to the impressed optical electric field 
(5), Before discussing how various arrangements 
‘of such nanoparticles positioned next to one an- 
other can give us functional optical nanocircuits, 
{ need to mention the role of metamaterials in this 
paradigm. 

‘Metamaterials 

Metamaterials are engineered composite media, 
formed by packing and embedding various sub- 
wavelength inclusions and inhomogeneities, 
which can exhibit unconventional response 
functions not observed in their individual con- 
stituents or in natural media, such as negative, 
lov, of near-zero permitivities or permeabilities. 
When both permitivity and permeability ane 
negative at a given frequency, the result is a 
‘negative refetive index (6). Metamaterials, par- 
ticularly those with negative refraction, have 
attracted a great deal of interest in recent years 
(7-26). After the first experimental verification of 
@ metamaterial with negative refraction at 
microwave frequencies (/3), inspired by the 
‘work of Pendry on split-ring resonators (4), 
‘experimental and theoretical development of this 
area started in the microwave regime and has 
been steadily moving into the higher frequency 
‘regime, with recent experimental breakthroughs 
in the TH, infrared, and visible ranges (15-20). 
Itis important to emphasize that the concept of 
‘metamaterials is not limited to the negative-index 
phenomenon. Indeed, other artificially engi 
‘ncered materials with unusual parameter values, 
such as ENZ materials (27, 22), EVL materials 
(5, 23), and single-negative (SNG) media, may 
coffer exciting potential applications as well. For 
instance, using ENZ materials, we have theoret- 
ically shown the possibility of squeezing light 
through very narrow channels and tight bends 
(21), as wel a its role in transparency and cloak- 
ing (22, 25). Broadly speaking, metamaterials 
provide a platform for dispersion engineering and 
‘management, namely, the possibility of develop- 
ing materials with desired temporal and spatial 
dispersions, which would provide powerful tools 
in manipulating and tiloring electromagnetic 
waves. For instance, it is well known that by 
stacking pairs of thin layers of plasmonic material 
(eg, Ag) and conventional dielectric, one can 
form an anisotropic metamaterial whose permit- 
tivity tensor elements can achieve near zer0 oF 
very high values (27-29). This suggests an 
example for our ENZ and EVL materials around 
the nanoelements. 


‘A Tapestry of Nanostructures: 
“Metananocircuits” 

For our optical nanocircuit elements, metamate- 
rials, including plasmonic media, play important 
roles in the development of this concept. Using 
the notion of optical nanomodules described 
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above, let us now imagine that one can position 
next (0 each other a set of these lumped nano- 
elements, each of deeply subwavelength size and 
‘composed of specific materials (2). This tapestry 
‘of composite nanoparticles as optical nanomod- 
ules indeed forms a new paradigm as an optical 
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Fig. 3. Metananocicuit 2s a tool in the design of optical Yagi- 
Uda nanoantennas (30). (A) A sketch of conventional Yagi-Uda 
RF antenna is shown above. The collection of nancshell 
Particles (with two different ratios of radii) around an optical 
point dipole source (e.9,, a molecule) can form Yagi-Uda-type 
optical nanoarrays. (B) The theoretically evaluated radiation 
pattems of the optical Yagi-Uda-tike nanoarrays in (A) at 620 
‘nm (red), compared with that of a dipole alone (black. In G0), 
\we used the core of Si02 and the shell of Ag in our analysis, 
with outer radius of 0.22, and ratios of radii of 0.851 and 
0.834 for the left and right nanoshells, respectively. The 
distance between the left nanoshell and the source is 0.25%. 
while that on the right (and between the right particles) is 


0.652,. [From (30)]. 


nanocircuit with subwavelength dimensions (Fig. 
IC). Such a “metananocircuit” (mn-circuit), 
when excited by an optical signal, manifests a 


‘pattem of local optical electric and displacement 
vector fields that is analogous to the pattem of 
voltage and curent distributions in a conven- 
tional RF circuit (Fig. 1C). This circuit can be 
‘excited by an optical signal through various 
‘means, such as optical nanoantennas oF optical 
plasmonic waveguides feeding this 
circuit, or direct optical illumina- 
tions, The arrangement of nano- 
modules ean be used t0 tailor the 
local optical electric and displace- 
ment vector fields in a desired 
‘manner ina subwavelength domain, 
analogous to the way, on an RF test 
bench in an electronic circuit labo- 
ratory, one connects different con- 
‘ventional circuit elements by using 
conducting wires on circuit board. 
1 argue that this patteming of local 
optical field can, under proper 
conditions, provide us with func- 
tionalties for information process- 
ing (c.g., low-pass, high-pass, or 
band-pass filtering), as a regular 
circuit does in the RF domain, Let 
us take the case of a filter with a 
two-dimensional (2D) geometry as 
aan example (Fig. 2A). In the RF 
domain, a simple conventional 
band-pass (or band-stop) filter can 
bbe designed using a parallel (or 
series) combination of an inductor 
(L), a capacitor (C), and a resistor 
(R). If'we want to have an analo- 
‘gous filler function in our optical 
‘mn-circuit, we will need to use two 
nanomodules—one nanoparticle 
(or nanorod in this 2D case) made 
‘of a material with negative permit- 
tivity (eg. plasmonic materials such 
as noble metals) acting as a nano- 
inductor accompanied by a nano~ 
resistor due to the material loss, and 
the other nanoparticle formed by a 
dielectric material acting asa nano- 
capacitor. With proper design, jux- 
taposing these two nanomodules, 
either in parallel or in series, may 
provide us with an optical mn-ciruit 
‘with, respectively, the band-pass or 
the band-stop filtering functionality 
a a certain range of optical wave- 
lengths. For the parallel case with 2D 
geometry (Fig, 2A), this assertion 
has been shown numerically using 
full-wave simulations of Maxwell 
equations, when a Drude dispersion 
‘model is assumed for the plasmonic 
‘material (¢g,, Ag) forming the nano 
inductor module (including mate- 
‘al oss representing a nanoresistor) 
and a simple dielectric permitivity 
is assumed forthe nanocapacitor module. This 2D 
nanofilter is placed within a thin parallel-plate 
waveguide with impenetrable walls at the top 
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and bottom [thus supporting a transverse elec- 
{tromagnetic (TEM) mode, acting as a two-port 
network. The transfer function of this filter, that 
is, the ntio of the optical potential at the output 
port to that of the incoming potential, shows a 
‘band-pass behavior, which confirms our approach 
{o this nanofilter design at optical wavelengths 
(Fig, 2B), (The dispersion of the waveguide alone 
is excluded.) More complex nanocircuits can be 
envisioned when more than two nanomodules can 
be amanged, providing higher order transfer 
function for such circuits, The left panel of Fig. 
2C presents the cross section of another 2D 
example with six optical nanoctements ina 
specific layout, providing the functionality es- 
sentially analogous to that of the circuit shown 
in the middle panel of Fig. 2C. In the right 
panel, we see that the full-wave 2D simulation 
‘ofa snapshot of the optical electric vector field 
in the cross section of this 2D mn-circuit 
reveals field patterns that are analogous to 
Voltage distributions in the circuit. Various ma- 
terial dispersions used in such mn-circuits can 
provide an even richer variety of transfer func 
tions beyond the conventional RF counterparts, 
The performance and quality factors of such 
‘optical nanocireuit elements depend on the rela- 
tive values of real and imaginary pats of permit- 
tivities of materials in the range of operating 
‘wavelengths and, therefore, depending on 
specific scenarios and applications, it may be 
preferable to use optical materials with proper 
ranges of ratios of imaginary to real parts of 
permittivity. 

Although the concept of mn-circuits is based 
fon the arrangement of metamaterial and plas- 
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monic nanostructures, the converse may also be 
‘considered, namely, these optical mn-circuits can 
be envisioned as lumped inclusions to be used for 
synthesizing metamaterials with prescribed, and 
even more intricate, dispersion properties. As in 
the case of microwave metamaterials in which 
distributions of resonant elements [for instance, 
either splitxing (L-C) resonators in the 3D real- 
izations (13) or lumped RF circuit elements c.g, 
Jumped inductors and capacitors) in the planar 
transmission line metamaterials (/0, 11)| are 
‘considered, here optical mn-circuits can be the 
building blocks as inclusions for more diverse 
«lasses of engineered materials inthe future, pro- 
viding a road map for tailoring novel optical 
‘metamaterials with various dispersion features. 
Designing Optical Nanodevices 

and Components 

Toillustrate how such mn-cireuits may contribute 
to the understanding and innovation of other 
nano-optical devices and components, we have 
studied and analyzed several problems in which 
these concepts can provide guides to solutions, 
One such problem is how some of the well- 
‘known antenna designs in the RF and microwave 
domains, for example, the Yagi-Uda antennas, 
‘can be brought into the nanoscale optical domain 
30), In the Yagi-Uda antenna, the main element 
is known to be a resonant dipole, accompanied 
bby several parasitic (i.c., passive) wire elements 
in onder to narrow the antenna radiation pattems 
1nd point the main beam in a given direction 
Fig. 3). To transplant this concept from the mi- 
crowave into the optical domain, in (30) we 
considered two-material nanostructures [e.g., 
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nnanoshell particle with dielectric core and plas- 
monic shell (3/)] resembling resistor-inductor- 
capacitor (RLC) resonant circuit at optical 
frequencies. tis known that ata particular ratio 
‘of core-to-shell radii, dhis particle is at resonance 
(31, 32), Figure 3A shows this idea where sev- 
‘eral nanoshell particles, with a core of SiO2 
and a shell of Ag and a certain ratio of radii, 
are placed at the right side of an optical point- 
dipole source (e.g., a quantum dot or a fluores- 
‘cent molecule), anda single similar nanoshell 
particle but with a different ratio of radii is 
situated at the left side of this source (30). The 
‘radiation pattem of this nanoantenna, as obtained 
from our theoretical analysis (30), may indeed, 
under proper conditions, show a. right-pointed 
‘main beam that is narower than that of a single 
dipole, as expected and anticipated from such an 
‘antenna amray (Fig. 3B). Therefore, the presence 
‘of these nanoparticles in the vicinity of the optical 
source, for example, a molecule, can indeed 
affect its emission properties, Because this design 
is sensitive to the operating wavelength, one can 
‘envision a set of several optical Yagi-Uda nano- 
‘antennas coupled to the same molecule, but each 
designed for a different specific wavelength and 
placed at a different orientation around a 
molecule, In such a scenario, cach nanoantenna 
array, which is optimized for a specific wave- 
Jength, has its main beam pointed in a different 
direction, This set-up will analyze the spectral 
information of the molecular emission and trans- 
form the spectral contents into specific angular 
variations of emitted signals. 

‘Another topic that has received inspiration 
from this concept of mn-circuitsis the theory we 


Fig. 4. Optical nanotranmission line based on the mn-cicuits. (A) The concept 
‘of transmission lines in RF and microwave (let) can be brought into the optical 
‘domain using the notion of lumped nanocircuit elements (middle and right). 
By replacing the lumped inductor and capacitor with plasmonic [Re(e) <0] and 
dielectric [Re(e) > 0] nanoparticles, respectively the structures shown in the 
‘middle panel can be obtained. in the limit, when these nanoparticles merge 
into each other, the guided-wave structures sketched on the right are the 
‘esult. These structures thus indeed function as optical nanotransmission (37). 
(8) The dispersion diagram of the waveguide shown in (A), when the Si02 and 


wwwsciencemag.org SCIENCE 


‘Ag are considered for the dielectric and plasmonic materials, Solid tines are for 
the even mode in Ag-SiO2-Ag waveguide; dashed lines are forthe odd made in 
‘Si02-Ag-Si02 waveguide; the dotted line shows the light line for Si02. For Ag, 
2 Drude dispersion is assumed in our analysis. These results show that such 
‘optical nanotransmission lines can exhibit backward-wave and forward-wave 
‘propagation, as their RF and microwave counterparts do. [Adapted from (37). 
Copyright 2006, Optical Society of Americal (C) Simulated electric field 
distribution for a nanoring composed of four plasmonic nanospheres at 655, 
‘THz [Adapted fram (41). Copyright 2006, Optical Society of Americal 
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developed for the furfield subdifiraction optical 
microscopy (FSOM), or supermicroscopy (29). 
In this technique, an optical imaging system in 
the fir field can in principle capture the image of 
‘two points that are placed less than half a 
‘wavelength fom each other. An ordinary micro- 
scope cannot resolve two such points because of 
the Abbe-Rayleigh limit, However, in the theory 
of FSOM, wehave shown that by using properly 
designed metamaterial crystals in the close 
vicinity of the object, one can magnify these 
‘objects in the near field such that their images in 
the output plane of the metamtaterial crystal struc- 
ture can be father apart than half a wavelength, 
and then a regular optical microscope ean detect 
these magnified images. Thus, the overall imag- 
ing system can in principle have a resolution 
better than the conventional Abbe-Ray leigh li 
although iti still a farfield system with a near- 
field magnification, The key section of such 
FSOM is the metamaterial layered structure in 
‘which stacks of pairs of thin plasmonic and 
dieloctric layers ereate a medium with hyperbolic 
dispersion. The permittivity tensor of such a 
structure is similar to that of anisotropic plasma, 
which has been investigated by many groups. An 
interesting feature in wave propagation in such a 
‘medium isthe cone of resonance (33). Balmain’s 
‘group (33) has studied this phenomenon by ana- 
lyzing two-dimensional arrays of lumped indue- 
{ors and capacitors in the microwave frequencies. 
We investigated what would happen if we ne- 
placed their RF lumped inductors and capacitors 
‘with our optical lumped nanoinductors and 
‘nanocapacitors using negative permittivity snd 
dielectric nanoparticles, respectively In the limit 
‘when these nanoparticles are packed closer and 
closer, one would obtain the metamaterial- 
layered structure with hyperbolic dispersion re- 
quired for supemmicroscopy. It is important to 
‘note that Narimanov's group, independently and 
a the same time but using a quite different ap- 
proach, studied such metamterial structures for 
supernicroscopy, which they name “hypertens” 
(34, Zhang's. group (35) and Smolyaninoy’s 
‘group (36) have experimentally verified and 
validated this concept. 

One more topic that got inspiration from the 
notion of mn-circuits is the possibility of the 
design of ID, 2D, and 3D optical nanotransmis- 
sion lines with negative refraction (26, 37, 38). In 
the RF and microwave domains, it has been 
shown by several groups (/0, 1/) that dual trans- 
‘mission lines, formed by series lumped inductors 
and shunt lumped capacitors, support wave 
‘propagation with negative refraction. When one 
replaces these lumped elements with their optical 
‘counterparts (Fig. 1A), optical nanotranmission 
lines can be envisioned in which a subset of the 
allowed modes of propagation may exhibit nega- 
tive refraction. Figure 4 sketches this concept 
This approach provides an interesting way to 
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ctasin negaive vetation a optical fequencix. 
Atwater’s group has recently demonstrated experi 
mentally the negative reaction in 2D metal 
insulator-metal geometry (39). The circuit con- 
‘cept has also facilitated the understanding and 
calculation of resonant metamaterials at optical 
frequencies in (40). Moreover, the concept of mn- 
‘circuits has helped to suggest the arrangements of 
rings of metallic nanoparticles, as circular loops 
‘of LC elements in optics, that is, the optical 
version of slit-ring resonators, which can gener- 
ate magnetic dipole moments at optical frequen- 
cies (Fig. 4C) (4/). Such rings of nanoparticles 
‘can be the basic inclusions for photonic meta- 
materials with magnetic response and negative 
refraction (41). 


Concluding Remarks 
Although mn-circuits may offer exciting possi- 
bilities and may suggest new ways of tackling 
rnano-optical data processing, they also bring new 
‘challenges and questions. As the few examples 
described above suggest, this notion may lead 
toa different method in exploring some of the 
future potentials in nano-optics. This concept 
may link together the fields of circuit designs 
and nano-optics, along with metamaterials 
1nd plasmonics, linking the macroworld to the 
nanoworld in optics and electronics, and lead~ 
ing to metactronics as another paradigm for 
nancelectronics/nanophotonics. It can open doors 
to the exporting and transplanting of various ideas 
from RF and microwave into the IR and visible 
frequency domains, and it may lead to innovation 
in nanodevices and components —with the eapa- 
bility of optical detection, optical processing and 
stonige, and data exchange on the nanoscale—and 
to potential applications and breakthroughs in 
various scientific fields. 
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INTRODUCTION 


Water, Water, Not 
Everywhere? 


THE STORY OF WATER ON MARS HAS A CHECKERED PAST. HISTORICALLY 
thought to be criss-crossed by alien canals, the arrival of the first spacecraft 
showed that the red planet is bone dry. A flotilla of satellites has since traveled 
to Mars, Water ice has been scen dusting the ground, in hydrous minerals, in 
glaciers draped on volcano walls, and, the vast majority, locked up in the polar 
caps, Such a frosting gives a clue that water was once abundant on Mars and 
the planet's early climate was wet. Since then, water has been lost from the 
surface and atmosphere. It is possible that some may have survived under- 
ground, occasionally sceping to the surface, and so signs of flowing water 
have been sought extensively. Such places would be top destinations for future 
landers to search for signs of extant or past life, 

The primary mission of the latest spacecraft to reach the red planet, the Mars 
Reconnaissance Orbiter (MRO), is to study its hydrologic history. It is opening 
up new vistas with its exceptionally keen eyesight. Regional landforms were 
mapped before, but MRO can now spot boulders less than a few meters in size, 
allowing Martian global geology to be surveyed on a human scale over vast 
areas, Among several other instruments, it also contains a radar sounder for 
exploring subsurface ice deposits and is accurately measuring Mars’ gravity. 
This special issue presents scientific results from MRO detailed images of the 
ice-capped poles and regions thought to have been shaped by liquid water, both 
recently and in the past. 

‘The papers in this issue show that evidence for liquid water is rare and difficult 
to discern (see also the News story by Kerr, p. 1673). Images of supposed 
ancient ocean floors and riverbeds show no obvious signs that liquid water was, 
ever present. Reexamination of some some landforms implies that they have 
been formed by flowing lava, not water. The only locations where features seem 
to indicate the presence of liquid water today or in the recent past are on the 
rims of craters and some gullies, suggesting that heat from impacts may have 
been the trigger for trickles rather than a revealed water table. Radar and gravity 
data show that the eap on Mars’ south pole now holds the largest reservoir of 
relatively pure water ice on the planet, and layers there and in the north polar 
cap reveal seasonal oscillations in climate, 

‘These papers thus provide a tour around the martian world of water in the first 
100 days o so of the main MRO mission, More will be revealed as it continues to 
probe the surface, including Mars’ mineralogy, and focuses several instruments on 


its atmosphere, dust, and clouds. But there is a lot to drink already. 
~ JOANNE BAKER 
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Mars Reconnaissance Orbiter 


REPORT 


A Closer Look at Water-Related 
Geologic Activity on Mars 


‘A.S. McEwen," C. J. Hansen,? W. A. Delamere,’ E. M. Eliason,? K. E. Herkenhoff,* L. Keszthelyi,* 
V. C. Gulick” R. L. Kirk,* M. T. Mellon,® J. A. Grant,” N. Thomas,” C. M. Weitz,” S. W. Squyres,”° 
N, T. Bridges,” S. L. Murchie,™* F. Seelos, * K. Seelos, * C. H. Okubo,” M. P. Milazzo,* 

LL Tomabene,” W. L. Jaeger,‘ S. Byrne." P. 5. Russell") L Griffes,” S. Martinez-Alonso,* 
A. Davatzes,* F. C. Chuang,” B. J. Thomson,” K. E. Fishbaugh,”* C. M. Dundas,’ K. }. Kolb,” 
'M, E. Banks,? J. J. Wray"? 


Water has supposedly marked the surface of Mars and produced characteristic landforms. To 
‘understand the history of water on Mars, we take a close look at key locations with the High- 
Resolution imaging Science Experiment on board the Mars Reconnaissance Orbiter, reaching fine 
spatial scales of 25 to 32 centimeters per pixel. Boulders ranging up to ~2 meters in diameter are 
ubiquitous in the middle to high latitudes, which include deposits previously interpreted as fine 
grained ocean sediments or dusty snow. Bright gully deposits identify six locations with very recent 
activity, but these lie on steep (20° to 35°) slopes where dry mass wasting could occur. Thus, we 
‘cannot confirm the reality of ancient oceans or water in active gullies but do see evidence of fluvial 


‘modification of geologically recent mid-latitude gullies and equatorial impact craters. 


imjor goal of the Mars Reconnaissance 

Orbiter (MRO) mission is to better un- 

derstand the history of water (I). The 
High-Resolution Imaging Science Experiment 
(HIRISE) is imaging the martian surface at seales 
‘of 25 t0 32 em per pixel, with a center color swath 
‘that distinguishes major surface materials (dust, 
sand, rock, oF frost) and stereo imaging for 
{topographic studies (2, 3). We highlight three 
‘new results conceming the history of water on 
Mars: (i) the nature of middle- to high-latitude 
surface deposits and relevance to putative oceans 
and. climate change, (ii) processes forming. and 
‘modifying the geologically recent gullies, and (i) 
evidence for water in the ejecta of recent 
‘equatorial impact craters, 

‘The origin of the Vasttas Borealis Formation 
(VBF), covering the lowest portions of the 
extensive northem plains, has been the subject of 
‘much debate, including (among other hypastheses) 
that it is the fine-grained residue of an ancient 
‘ocean (4) oF that it represents frozen deposits of 
sediment-laded water from giant outflow channels 
(5). The more than 200 HiRISE: images ofthis unit 
show that rocks ranging in size from the limits of 
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resolution (-0.5 m) to 2 m in diameter are 
ubiquitous (Fig. 1), except where buried by eolian 
 airfall materials. Boulders are concentrated 
around circular structures of probable impact 
‘origin, but they are present over most of the VBF 
at uniform densities. In addition, we have seen no 
lighttoned layered deposits within the VBF: such 
deposits elsewhere are thought to be of aqusous 
sedimentary origin (6). The boulder distribution 
tnd absence of light-oned layered deposits ane 
difficult to reconcile with the hyporhesis thatthe 
\VBF primarily consists of thick (~100-m) 
deposit of fine-grained materials deposited from 
suspended sediments in an ocean (4). Either the 
\VBF had a different origin oF the combination of 
impacts and periglacial processes has raised 
boulders from depth and thoroughly mixed them 
with overlying materials; viscously relaxed to- 
pogriphy (7) and ubiquitous polygonal-pattemed 
sound (8) may be consistent with such processes. 

‘One hypothesis for the origin of recent mid- 
{atitude gullies i that they formed from the melting 


‘of snow deposited during a period of higher orbital 
obliquity, with remnants of the snow pack stil 
present as “pasted-on!” material (9). HiRISE. has 
imaged this material at several locations, and the 
‘surfaces that it appears on include many boulders 
(fig. $2). We interpret these materials as rock 
glaciers: rocky deposits rich in ice, similar wo 
interpretations of debris aprons elsewhere on Mars 
(7). The rockiness is inconsistent with a primary 
‘origin as dusty snowfall, unless. subsequent 
processes have modified the deposits, but those 
deposits are nearly free of impact structures and 
are likely much younger than the VBF, making 
such modification unlikely. Note that thin mantle 
‘over many mid-latituds regions (70) does stil 
appear fine-grained at HiRISE resolution. 

‘Mid-latitude gullies (//) are of great interest 
because they may indicate that liquid water can 
reach the surface, even today (6, 12). Key ques- 
tions are whether liquid water is required to form 
some of them (and, ifso, whats the source of that 
water) and whether the gully-forming processes 
are ongoing—even in the present-day climate: 
rather than being the result of past climates and 
dliflerent insolation geometries. HiRISE images 
‘confirm that many gully morphologies on Mars, 
including braided channels and terraces (Fig. 2), 
‘are similar to water-carved features on Earth, 
Boulders 0.5 to 3 m in diameter are_more 
‘concentrated in the channels than in surrounding 
terrains, which is consistent with processes that 
remove the finer particles. Erosional channels 
‘occur on slopes of less than 20° (eg., Fig, 2, B 
and C), which is inconsistent with dry granular 
flows. We are not aware of common terrestrial 
processes besides running water that could ex- 
plain all of these observations, HiRISE. images 
also reveal a range of relative ages for the gullies 
[see the supporting online material (SOM). 

Evidence for ongoing gully activity has come 
from observations at two locations of new, bright 
deposits corresponding to depositional fans (12) 
(Fig. 3 and fig. S2), Not all bright deposits at 
gully termini consist of recent gully-emplaced 
sediment, as some appear to consist of rippled 
ccolian deposits or pattemed ground, modifying 
relatively old gully deposits (fig. $3), 


Fig. 1. Boulders over northem lowland terrains. (A) PSP_001964_2275 (26) at 47.0° N, 101.8° E. 
(B) TRA_000846_2475 at 67.0° N, 0.0° E. (C) PSP_001810_2175 at 37.2° N, 348.0° E. For all 
figures, North is at the top and time of day is near 3 p.m., and images have been reprojected to a 
scale of 25 cm per pixel. 
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In the Centauri-Hellas Montes region, the 
entire equator-facing slope of a crater is covered 
by narrow gully channels (Fig. 3. There is no 
evidence for eolian, periglacial, or other modifi 
cations of many of these channels. The lower 
portions of some channels do contain ripples of 
probable colian origin, and boulder tricks are 
superimposed over some channels, so there is a 


range of relative ages. The bright material, de- 
Posited between 1999 and 2004 (/2), emanates 
from some apparently unmodified gully channels. 
From stereo imaging (fig. $4), we confirm that, in 
some places, this bright deposit diverts around 
topographic obstructions like a fluid and, at the 
distal end, overtops low hummocks like a 
landslide. The shape of the deposit has not 


Fig. 2. Color images of gully channels. (A) Portion of PSP_002172_1410 at 38.9° S, 195.9° E (B) 
and (C) are portions of PSP_002932_1445 at 35.1° 5, 324.7° E in Hale Crater. Color (here and in 
‘other figures) is constructed from red and blue-green bandpasses and exaggerated as compared with 
natural color. Downslope direction is toward the bottom of (A) and the lower left of (B) and (C).. 


Fig. 3. Crater in Centauri-Hellas 
‘Montes region at 38.4° 5, 968° E. (A) 
Browse image PSP_001714_1415. 
(B) Fullsesoluton portion of image 
indicated in (A), showing the bright 
deposit (©) Color for portion of image 
indicated in (A). (D) Enlargement of 
channels findiated in (Q), showing 
‘eroded bright deposits and boulders 
concentrated in the channels. (E) 
Enlargement of the apparent source 
region [indicated in (Q] above the 
new bright deposit. The shallow de- 
pression and uppermost channels 
leading to the new deposit lie be- 
‘ween the arrow tips in (Q and (2. 
North is 7 degrees to the right of the 
top. 
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changed over the 15 months since last imaged 
by the Mars Orbiter Camera, which suggests that 
itis not bright because of frost or ice (13). Near- 
infrared spectra (/4) do not reveal hydrated min- 
erals in the bright deposit, as might be expected 
from sublimation of salty groundwater (fig. $5) 
‘There are bright materials within gullies over 
much of the slope, so the new deposit may have 
‘come from the redeposition of preexisting bright 
material (Fig. 3 and fig. S2B). Also, dustsized 
materials are generally brighter than sand and 
rocks on Mars. Thus, the relative brightness ofthis 
‘material does not directly indicate a role for water, 

We have imaged gully deposits with bright 
termini at four locations that appear to be very 
recent, in addition 10 the two locations reported 
previously (figs. $6 and S7), These deposits are 
again associated with fine channels and show no 
subsequent modification, All six of the deposits 
are ncar the base of relatively long, steep slopes 
(sce the SOM, including table $1); ive are on the 
slopes of well-preserved impact craters. There is 
no favored slope aspect: The bright deposits are 
‘on cast, West, equator, and pole-facing slopes. 
All are in the middle latitudes 31° 10 47° N and S, 
‘but there has been no systematic monitoring of 
steep slopes in the equatorial regions of Mars, soa 
latitudinal dependence to active slope movements 
is unknown, The average slopes ane greater than 
20°, close to the stability limits of dy, unconsol- 
‘dated materials, and the elevation drops by atleast 
500 m (table $1). Long, stcep slopes are favorable 
to both groundwater breakouts and gravity-driven 
movements. In summary, although the involve- 
‘ment of liquid water cannot be ruled out, here is no 
‘confimatin from MRO analyses to date tht water 
reached the surface in the past decade, 
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Fig. 4. Northwestern rim of Mojave Crater at 7.6° N, 327° E (PSP_001481_1875). (A) Full browse 
image at greatly reduced resolution. Several locations of ponded and pitted material are labeled 
with “P”; boxed area shows the location of enlargement indicated in (B). (B) An example of where a 
large fan emanates from the ponded and pitted material to the northwest; boxed area shows 
enlargement to the full-resolution sample indicated in (O. (C) Braided and distributary channels 


and boulders up to ~1 m in diameter. 


The lobate morphology of some martian 
impact erater ejecta has long been considered 
evidence for fluidization by water (/5) oF other 
‘mechanisms (76), but conclusive evidence forthe 
presence of water in the ejecta has been elusive 
(7), Meanwhile, another debate has arisen about 
the possibility of impact-induced “rainfall” pro- 
ducing the erosion of Noachian (°3.7 bilion- 
year-old) terains (/8). HiRISE observations of 
‘elatively large but geologically recent and well- 
preserved impact craters are providing. insights 
relative to both debates. 

Mojave Crater (60 km in diameter) contains 
channels and fan-shaped deposits (17) with a 
‘marked resemblance to alluvial fans in desert 
regions on Earth (/9). The branching channels of 
third of fourth order include first-order chan- 
nels at topographic peaks and ridges (Fig. 4B), 
hich are difficult to explain by seepage of a 
‘groundwater table, leading to the hypothesis of 
impact-generated precipitation (20). The chan- 
nels and fans are present on much of the terrace 
and rim regions but not on all. topographic 
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features (c.g., the central uplift or ponded and 
pitted materials), which may prove difficult to 
reconcile with the precipitation theory. A geo- 
logically recent origin of the crater is indicated 
by the small number of impact craters super- 
imposed on both the fans and undissected 
Portions of the crater (21). Mojave appears to 
bbe one of the most recent craters on Mars that is 
farger than 30 km in diameter, which form on 
average about every 20 million years (22) 

HiRISE stereo observations show ponded ma- 
terials at various levels inside and outside of 
the crater (Fig. 4A), which sometimes have a 
fractured surface similar to ponded materials in 
Junarcraters (23). However, unlike lunar exam- 
ples, the martian “ponds” are often covered by 
coalesced pits, which lack raised rims and ap- 
pear to be coeval. We interpret this pitted, 
ponded unit to be a mix of melt and fragmented 
rock similar to that found in terrestrial impact 
‘raters in volatile-rich targets (24), with pitting 
due to collapse from the loss of volatiles. There 
is a close association between the ponded ma- 


terial, which does not show evidence for erosion 
byovertand flow, and the channels and fans that 
extend downhill of the ponded deposits (25) 
(Fig. 4B), suggesting that water was released 
from the ponded deposits. 

The fluvial geomomphology of Mojave Crater 
\was thought to be an isolated occurrence (/9, 20), 
but we have found channels, alluvial-tike fans, 
debris flows, and the presence of ponded snd 
pitted material in other geologically recent craters, 
including Hale (125 to 150 km in diameter), 
Tooting (28 km in diameter, fig. $8), Zunil (10 
km in diameter), and more than ten others (25). 
‘The ponded material appears to be far more 
voluminous than ponded materials in lunar eraters 
‘of comparable size, in spite of lower primary 
impact velocities on Mars (ie. less melt produc 
tion if the tanget materials were identical), The 
key difference may be that the martian upper 
‘enust is rich in ice, water, and hydrated minerals, 
which can form muddy debris and lower the 
melting point of silicate minerals. The evidence 
for impactinduced precipitation at Mojave or 
‘elsewhere remains inconclusive, but the HiRISE 
‘observations demonstrate that landscapes with a 
uvially modified appearance may be produced 
bby syndepositional effects during impact crater- 
ing. The much larger and more numerous craters 
produced in the Late Noachian could explain some 
‘of the parvasive erosion of Noachian-aged temains, 
thus weakening the argument that anciant Mars 
must have had a warmer, wetter climate on a sts 
‘tained basis, 

HiRISE observations are sharpening our 
view of when and where water has modified the 
‘martian surface, These observations inform mod= 
‘ls for past and present geologic and climatic 
processes and can focus future exploration to 
those locations with the greatest promise for 
discovering evidence for lite. 


References and Notes 

1. R.Zuek,§. Smear, Geophys, Res 122, £05501 
(2007. 

2..K.5, Meer eta J. Geophys. Res. 142, 05502 
007. 

3. CM. Okubo, A. 5. McEwen, Science 325, 983 (2007), 

4 MLA. Kress, J. W. ead. Geophys. Res 207, $121 
2002 

5. MLK. Gar, J. W Head J. Geophys: Res. 208, $082 
2009. 

46 MLC Malin, KS. Egete J. Geophys. Res. 106, 23429 
2000, 

1, SM. Ses, 5. Cifrd,R.0. Kuz ).R 2imbetman, 
FM Costar jn Alar .M,Kietler eta, Es. (Univ | 
‘Arizona Press, Tucson, NZ, 1992), pp. 523-54 

5 M. Mellon, Geophys Res 102, 25617 (1997) 

9. PR Christensen, Nature 422,45 (2003 

10, J. F. Mustard, CD. Cooper. M.K iin, Nature 432, 411 
(2000. 

11, Martian gullies have been defined as landforms on 
relatively steep slopes that may include an alcove, 
‘chanel and depositional fan (6) and that may form by 3 
variety of proceses, such as dry mass wasting, wet debris 
flows, or running mates. The gues are play much 
younger tan the landforms that they eroded. The 
‘channels an fans seen in Large young impact rater are 
‘similar in morphology tothe qulbes but ae large, ocaut 


www sciencemag.org 


cover Salone slopes, and appear to be the same age as 
the crates 

12 MC alin, KS Ege, LV, Psilova, SM. McColl, 
 Z Noe Dobres Science 314, 1573 (2008) 

13, K E. Willams, OB. Toon, }.Heldmann, Geoplys. Res 
‘ett 34, 109208 (2007) 

18, SL Murch eal, 1 Geophys Rex 122, £05503 
2007) 

15. MH. Ca, G Schaber, J Geophys Rex 82, 4039 
ag7n, 

16, 0.5, Barnoin-ha, PH. Schultz, 1. Geopys Res 102, 
21099 (1996). 

17, RNG. Wiliams, KS: Edge, paper presented at the 
‘Anerian Geophysical Union Fall Meeting, abst. P338- 
03, San Francs, CA, 13 to 17 December 2008. 

Segura, 0, B. Toon, A. Colapete, K. Zable, Science 
1977 (2002), 


19, RMLE Willams }R.Zimbelman, AK Johnson, 
Geophys Res Let. 33. 110201 (2008). 

20, RMLE. Wiliams, KS. Edge, MLC. Malin, Lunar Planet 
Se WAV, abstr. 1415 (Luar and Planetary Insite, 
Heuston, TK, CD-ROM, 2008), 


H 
HS 
z 
i 
4 
a 
E 
: 


ameter MRO content image 608 
2.1% 10” ka ofthe interior and contiuots seta of 
Mojave Coat, 

B.A. hanoy, Space Sci Rev. 96, 87 (2000. 

1. Heater 5. K.Ounkin, fares 163, 307 (2003. 
GR Osinst, Meteor. Planet. Si 42, 1571 (2008), 
[CL Tomabene ea lunar lane. Si KOON. 1338 
‘Guna and Planetary Inte, Haste, TH, CO-ADIK 2008 
‘ARSE images ae Kentied by the format “imision 
phase_erbit umber_exital positon.” Thus, 
'5P_001468_1535 was acqued in the Primary Scence 


BR OMESB 


SPECIALSECTION 


Phase, orbit 1468, and 153.5 deorees from the right 
side equator or 265°S latude (MRO travels north over 
the day sie in is rb 

27. We thank the science, operations, and engineering teams 
ol the HIRISE and MRO projects, whose eigen efits 
enabled the rests presented bere, and also thank the 
feviewers and eter. For more information about HRISE 
and image acces, see itp: ip artona ed). 

‘Supporting Online Material 

nme sciecemag oricgcontentMull317/SB4SA7ONDCL 

‘SOM Text 

Figs, 51 to 58 

Table St 

Relereees 

26 foil 2007; accepted 10 August 2007 

ON 6Acience.114391 


REPORT 


Athabasca Valles, Mars: 
A Lava-Draped Channel System 


W. L. Jaeger,”* L. P. Keszthelyi,” A. S. McEwen,” C. M. Dundas,” 


S. Russell? 


‘Athabasca Valles is a young outflow channel system on Mars that may have been carved by 
catastrophic water floods. However, images acquired by the High-Resolution maging Science 
Experiment camera onboard the Mars Reconnaissance Orbiter spacecraft reveal that Athabasca 
Valles is now entirely draped by a thin layer of solidified tava—the remnant of a once- 

‘swollen river of molten rock. The lava erupted from a fissure, inundated the channels, and drained 
downstream in geologically recent times. Purported ice features in Athabasca Valles 

and its distal basin, Cerberus Palus, are actually composed of this lava. Similar volcanic processes 
may have operated in other ostensibly fluvial channels, which could explain in part why the 
landers sent to investigate sites of ancient flooding on Mars have predominantly found lava 


at the surface instead. 


thabasca Valles is the youngest outflow 

channel system on Mars (/-3), It orig- 

inates at a fissure (part of the Cerberus 
Fossae), extends southwest for about 300 km, 
and debouches into a basin named Cerberus 
Palus (Fig. 1). In most respects, Athabasca 
Valles resembles the catastrophic flood-carved 
landscape of the Channeled Seabland in Wash- 
ington State, with branching channels, stream- 
lined “islands,” and dunes interpreted to have 
formed subaqueously (2). However, its floor 
is remarkably uneroded at the subkilometer 
scale, These seemingly incongruous attributes 
hhave spawned multiple hypotheses, which 
depict the channel floor as either (i) a flood or 
¢glacial-erosion surface with an uneven sediment 
cover (2, 4), (ii) the icy or desiccated dregs of 
cediment-laden floodwaters that froze (5, 6), or 
(ii) a lava flow that coursed through the channel 
system and solidified (7-9). Color and stereo 
‘images with high spatial resolution 27 to 117 
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‘emppixel) acquired by the High-Resolution Imag- 
jing Science Experiment (HiRISE) camera on- 
board the Mars Reconnaissance Orbiter (MRO) 
spacecraft provide observations that are key 10 
resolving this debate, 

HiRISE images sample Athabasca Valles 
from its source to its terminus, showing a solid- 
ified flow within the channels at all locations. On 
the north (upslope) side of the source region, the 
flow manifests as numerous thin, arcuate, and 
overlapping fonts that are concentric 10 the 
fissure-vent (Fig. 2). The fronts become progres 
sively younger and smaller (ic., they step up) 
with proximity to the fissure. They record the 
final surges in a waning eruption of low-viscosity 
‘uid from the Cerberus Fassae (fig. S1). 

Downstream in the channels, the flow ex- 
hibits two distinct textures: polygonal and ridged 
(5, 8-10). The difference between these is sur- 
ficial: the flowtop crumpled where itis ridged but 
remained intact where it is polygonal. Further- 
more, where the flowtop rifted under tensile 
stress, discrete rafted plates are preserved. In 
several channel segments, medial ridged terain 
is flanked by polygonal terain, and the contacts 
between the two textures are brittle shear zones 
that accommodated higher flow velocities toward 


‘the center of the channel (fig, $2). These shear 
‘zones indicate that the surface of the flow was 
solidifying while its fluid imerior continued 
moving downhill through Athabasca Valles, 

The flow receded from its maximum stand 
before completaly solidifying, North of the source 
region, it appears to have embayed a tectonic 
Fidge while at peak discharge and then draped 
its flank as the eruption waned (fig. $3). How- 
ever, a deposit of wind-swept, bright material 
‘obscures the stratigraphic relationship. Within 
‘Athabasca Valles, polygonal and ridged flow 
textures reach high onto streamlined “islands” 
‘and blanket features previously interpreted to be 
fluvial bedforms, including the putative sub- 
‘agucous dunes (fig. $4), AC its height, the flow 
filled and locally overbanked the channel sys- 
tem, Subsequently, its level dropped as fluid 
drained downstream into the contiguous distal 
basin of Cerberus Palus, where it ponded and 
solidified. Current channel topography suggests 
that, in Athabasca Valles, the flow level receded 
>50 m from its high stand, 

‘The pivotal question is whether the flow is 
composed primarily of sediment, ice, oF lava, 
‘and its answer can be educed from the thousands 
‘of ing-mound landforms (RMLs) that occur 
exclusively on the flow surface. RMLs are a 
continuum of landforms intermediate to rings 
‘and mounds (fig. $5). Various hypotheses for 
‘their origin have been advanced, each invoking a 
specific flow composition, If the RMLs are 
Pingos (ice-cored mounds) in various stages of 
collapse, the flow is a mixture of sediment and 
extant ice (5, 11, 12}; if the RMLs are cryo- 
phreatic cones formed by the explosive release of 
flow-entrained volatiles, the flow is sediment 
that was initially volatile-rich but is now 
degassed (/3); and if the RMLs are hydro- 
oleanic (rootless) cones formed when ground 
Water heated by the overlying flow vented in 
steam explosions, the flow is lava (8, 9). HiRISE 
data allow these divergent hypotheses tobe tested. 

‘Topographic information derived from HiRISE 
stereo image pairs shows that many RMLs are 
ringed by moats, The moats exhibit « frozen- 
in evolutionary sequence. Incipient moats have 
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ing fractures at their perimeters, more-cvolved 
‘moats have tilted slabs that override their sur- 
roundings, and end-stage moats show founder- 
ing plates (Fig. 3). Thus, the moats formed in 
response to loading of a thin, brittle crust un- 
derlain by deformable material. The crustal 
thickness at the time of loading can be directly 
‘measured where foundering plates are tilted 
edge-on, and itis on the order of a few meters, 

Relict wakes bounded by levees trail down- 
stream from many RMLs. Some of the wakes 
are severed where the flowtop rafted apart (Fig. 
4A), This establishes that the wakes formed on 
the solidified surface of an active flow, How- 
ever, they are not gouges left where the flowtop 
crumpled against anchored obstacles. Instead, 
they formed as gas vented from fixed sources at 
depth, ripping continuous openings through 
the moving flowtop. In some places, the wakes 
‘gmide into chains of overlapping RMLs (Fig. 
4B), These formed through successive explo- 
sions in a process loosely analogous to the con- 
struction of the Hawaiian Island chain, where 
Earths crust moved over a fixed magnta source, 
producing a string of yoleanoes, Thus, the vol- 
atile that caused the explosions was housed 
beneath, not within, the Nlow. The RMLs sre, 
therefore, hydrovoleanic cones, and the flow is 
lava. This conclusion is supported by the spatial 
distribution of RMLs, which preferentially occur 
Where steam venting should be locally enhanced 
(ig. $6). 

Previous work rejected the hydrovolcanic 
model on the basis that RMLs modified impact 
ceraters (12); however, HiRISE: images show that 
the reverse is true. Impact craters are consist- 
cently superimposed on RMLs, indicating that 
the latter are older (fig. $7). Furthermore, the 
‘ejecta from these craters is strewn with boulders, 
suggesting that the target material is rocky. This 
is consistent with lava but not with ice, which 
‘would sublimate at a rate of 10! t 10° m per 
million years (/4, 15). 

Several other data sets support the conctu- 
sion that the low is lava. Although nidar map- 
pping from Earth-based nidio telescopes cannot 
resolve Athabasca Valles proper, it shows Cerber- 
tus Palus to be exceedingly rough at the decimeter 
scale (16-18). The backscatter and depolariza- 
tion values are consistent with blocky lava sur- 
faces (/8), Simibty, the Gamma-Ray Spectrometer 
(GRS) onboard the Mars Odyssey spacecraft 
showed Cerberus Palus to be among the driest 
‘regions on Mars, with a water-equivalent hydro- 
‘gen abundance (~2 to 5 mass percent) suggestive 
of minor amounts of hydrated minerals, and. no 
appreciable water ice, in the upper ~1 m (19). 
Both the Thermal Emission Spectrometer (TES) 
and the Thermal Emission Imaging System 
(THEMIS) found that, although the region is 
overlain by sufficient dust to obscure substrate 
mineralogy (20, 2), the thermal inertia of 
‘Athabasca Valles (typically 300 to 400 Jim"Ks 
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*) is sill above average for Mars (22-24). These 
thermal inertia values do not have a unique 
interpretation but are comparable to the Gusev 
Crater and Viking 1 landing sites, both of which 


10'N 


Fig. 2. HiRISE image P! 
(001408 _1900 shows plains north 
of a fissure vent at the head of an 
‘Athabasca Valls tributary. Thin, con 
centric flow fronts cover the plain. 
Shadow measurements indicate that 
the fronts are <1 m tall. The inset 
shows rough, and consequently dark, 
bands at their terminal edges. it- 
lumination is from the left, and north 
is up in this and all subsequent 
HiRISE images. 


thad an abundance of basaltic boulders (23). 
Collectively, these data point to a dust-coated, 


‘hydrogen-poor, rocky surface, which is consistent 
with lava. 


Fig. 1. (Top) Mars Orbiter Laser 
‘Altimeter (MOLA) shaded relief map 
‘of Mars covering 0° to 360°E. 
(Bottom) THEMIS infrared mosaic 
‘draped by colorized MOLA elevation 
data over Athabasca Valles. Key fea- 
tures are labeled. Black boxes locate 
the following HiRISE images: (a) 
PSP_001408_1900 (25), (b) stereo 
pair PSP_001606_1900 and 
SP_002226_1900, (0) stereo pair 
PSP_001540_1890 and 
PSP_002371_1890, (d stereo pair 
PsP_002938_1890 and 
‘PSP_003083_1890, (e) stereo pair 
PSP_002661_1895 and 
PSP_003294_1895, and () stereo 
pair PSP_002174_1875 and 
PsP_002292_1875. 
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Fig. 3. Anaglyphs from 
subsections of HiRISE 
stereo image pairs PSP_ 
(001606_1900 and PSP_ 
(002226 1900 (A and B) 
and PSP_001540_1890 
and PSP_002371_1890 
(©). The thin flowtop 
«cracked, shifted, and four 
dered under the weight 
‘of RM, producing a con- 


tinuum of moat morphologies from (A) ring fractures, to (B) tied plates that jut over the surrounding flow 


surface, to (C) foundering plates exposed edge-on. 


Fig. 4. (A) Anaglyph of a sub- 
section of HiRISE stereo image 
pair PSP_001540_1890 and 
PSP_002371_1890 showing RMLs 
with wakes severed along rafted 
plate boundaries. Compressional 
ridges cover the plates, and polyg- 
‘onal terrain occupies the intersti- 
tial space. (B) Anaglyph of a 
subsection of HIRISE stereo image 
pair PSP_002938_1890 and 
PSP_003083_1890 showing a 
chain of overlapping RMLS. Cross- 
cutting relationships indicate that 
the RMLs within the chain become 
Younger in the upstream direction 
{yellow arrow), 


HIRISE data show that Athabasca Valles is 
draped by lava and riddled with hydrovoleanic 
cones, The purported frozen sea in Cerberus 
Palus (6) is instead a ponded distal section of 
this lava flow. HiRISE has imaged similar 
lava flows within other channels (c.g., Marte 
‘Vallis and Kasei Valles), which suggests that 
‘Athabasca Valles may be unique only in that it 
is exceptionally well preserved. Although it 
‘remains likely that the outflow channels were 
carved by aqueous floods (rather than lava), 
surface exposures of flood sediments may be 
‘rare on Mars. This could partially explain why 
‘every Mars lander sent to investigate fluvial or 
lacustrine landforms has found a surface dom- 
inated by lava, 
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Meter-Scale Morphology of the North 
Polar Region of Mars 


K. E. Herkenhotf,"* S. Byrne? P. S. Russell,’ K. E. Fishbaugh,*f A. S. McEwen® 


‘Mars’ north pole is covered by a dome of layered ice deposits. Detailed (~30 centimeters per pixel) images 
of this region were obtained with the High-Resolution Imaging Science Experiment on board the Mars 

Reconnaissance Orbiter (MRO). Planum Boreum basal unit scarps reveal cross-bedding and show evidence 
for recent mass wasting, flow, and debris accumulation. The north polar ayers themselves are as thin 

£2510 centimeters but appear to be covered by a dusty veneer in places, which may obscure thinner layers. 
Repetition of particular layer types imps that quast periodic climate changes influenced the stratigraphic 
sequence in the polar layered deposits, informing models for recent climate variations on Mars, 


topographic dome) has been stratigraphi- 
cally divided into the imegularly layered 
“basal unit” (/-3), the classical polar layered 
deposits (PLD) (4), and the residual cap, which 


Pee sists se 


‘covers mast of the planum and maintains a high 
albedo throughout the northern summer because 
of its relatively clean water ice composition 
(4, 5). All ofthese deposits overlie older materi- 
als with a complex history (6). Recent climate 
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Variations, mainly caused by changing orbital pa- 
rameters, are widely believed to control the depo- 
sition of ie and dust in the PLD, ereating a record 
of global climate history within the layers. There- 
fore, images that resolve PLD layer thickness and 
their stratigraphic variations can be wed to address 
key questions regarding ther origin and evolution, 
and in tum these observations can be related to 
theories for recent climate change on Mars (7). 

‘The basal unit is thought to be the source of dark 
‘sandesized material in the circumpolar dune fields 
(J-3) Dark material in this unit is interbedded 
With brighter layers that were previously thought 
to be composed! mostly of dust (3). High-Resolution 
Imaging Science Experiment (HiRISE) images of 
these strata provide new information regarding the 
relations between them and their geologic history. 

HiRISE (8) uses time delay integration, 
Which yields signal-to-noise ratios far in excess 
‘of previous high-resolution cameras, HiRISE has 
collected 85 images of the north polar deposits, 
with more images covering outlying polar 
material and dune fields. Most of these images 
Were acquired between the beginning of MRO's 
primary science phase at solar longitude L, 
133° (9) and the onset of polar cloud formation at 
about £,= 150°. All the data diseussed here were 
acquired during northem summer. 

Previous observations of the patchy <istibu- 
tion of dark layers in the basal unit were inter- 
preted as evidence for large-scale aross-bedding 
(3). HIRISE images show potential eross-bedding 
at smaller scales (Fig. 1), implying that this 
‘material was saltating before deposition and burial 
bby overlying layers. We therefore infer that the 
dark material in the basal unit is composed of 
solid sand grains that are curently being eroded 
and remobilized into dunes. 

HIRISE data show thatthe interbedded bright 
layers have substantial thickness and material 
strength and are not just thin accumulations of 
dust. Polygonal fracturing has broken these 
layers into meterscale blocks. On the basis of 
the morphologic similarity between these polyg- 
‘onally tactured layers and the overlying ice-rich 
(0) PLD layers, we interpret the bright basal unit 
layers to be volatilesich, In several locations, 
perhaps assisted by undercutting caused by 
removal of the interbedded sand-rich material, 
these blocks have detached from the bright layers 
and now lie at the bases of the seamps (Fig. 2) 
This style of mass wasting was not previously 
recognized in the polar regions. The debris at 
‘scarp bases is less common than expected from 
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the abundance of blocks near layer edges, 
indicating that when these blocks detach, they 
are quickly eroded. This relatively rapid ablation 
of fallen blocks is probably due to disruption of 
any thin preexisting lag and increase of exposed 
surface area by the mass-wasting process. The 
persistence of recesses from which blocks have 
been dislodged suggests that mass wasting 
‘contributes more strongly 40 scarp retreat than 
in sit ablation of fractured layers. 

Debris fans or aprons, intermediate in bright- 
ness between the darker material and brighter 


layers of the basal unit, are present on some 
basal unit erosional scamps. Large (100- to 200-m 
wide) fans accumulate at the break in slope 
below relatively steep sections of basal unit out- 
‘crop, and smaller examples occur up to the con 
tect of the basal unit with the overlying PLD. The 
‘overall form and surface momhology of the Fans 
are consistent with construction through a series 
of individual diserete, dry, granular avalanches 
_andior debris flows with low liquid water content 
(Fig. 3). Their brightness, polygonal surface tex 
ture, incorporation of bright blocks, and strong 


ad tw 


Fig. 1. Section of HiRISE image TRA_000863_2640, at 83.80°N, 235.50°E, illumination from 
bottom-right, slope dips toward bottom. (A) Section of polar scarp containing uppermost section of 
basal unit (dark material) and contact with PLO (brightest material). Dark basal unit layers contain 
structures interpreted as cross-bedding. (B) Annotation of beds showing truncations. 


Fig. 2. Debris shed from polygonally fractured layers in basal unit. Section of HiRISE image 
‘TRA_000B4S_2645, at 84.635°N, 3.375°E; scene is 100 m across. illumination from upper right, 
slope dips toward lower right. 
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‘water ice absorption bands in Compact Recon 
nnaissance Imaging Spectrometer spectra (//) 
indicate that the fans contain ice. The primary 
source of fan material appears to be debris wasted 
from the ice-rich, highly fractured lower PLD. 
Some of the most distinct sets of basal unit 
features indicative of flow are rilles associated 
with fans, especially at distal margins (Fig. 3). 
Individual and pained rrille flank deposits ane 
probably levees formed in the flow stage, during 
‘which deposition is largely occurring at low- 


energy lateral margins (whereas the high-energy 
central flow leaves little material behind). A 
morphological gradation of rrilles 0 positive- 
relief digitate lobes represents the transition to a 
lower enengy stage, during which relatively steep, 
lobate flow fronts are preserved as the flow 
comes 10 rest [ez (2)). We see no evidence 
requiring the presence of liquid water and there- 
fore favor dry granular flows to explain the 
observed fans and related rille features, but wet 
debris flows cannot be ruled out 


Fig. 3. Portions of image PSP_001412_2650, at 84.75°N, 3.85°E, illumination from right, slope 
ips toward bottom. (A) Rilles defined by segments of parallel ridges with little to no medial 
incision (7), resulting from flow of dry to low-water-content debris. Fan surface appears striated (9). 


Course-altering influences on flow ma 


lude obstacles (0), topography (1), of imegularities in 


deposition of flow fronts (i). Rilles may transition into relatively high-standing, branching, narrow, 
digitate lobes with abrupt fronts at mouths (d). (B) Similar features (1), seen in context at foot of 
fan (f) emplaced on basal unit layers (u) with patchy material (p) reaching up to base of lower PLD 
(n). Full path from mass-wasting origin to distal accumulations of large blocks (b) and digitate 
terminal lobes (¢). Late-stage rilles may have cut through initial larger avalanche deposit (a). 
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The minimal apparent modification and lack 
‘of superposed acolian bedforms suggest that 
these distal rille and digitate deposits represent 
the most recent andlor largest of the type of 
‘mass wasting-initiated flow events that contrib- 
tute to the growth of the large fans, Cument 
activity, such as fincture-sided mass wasting, 
raises the potential that changes in fan or scarp 
appearance, including the appearance of blocks 
‘or avalanche deposits, could be observed over 
the course of the MRO mission. 

The high-relie exposures of PLD at the head 
of Chasma Boreale and along the margin of 
Olympia Planum exhibit two distinct sections 
‘on the basis of presence or absence of polygonal 
fractures. The lower section appears similar to 
the polygonally fractured bright layers in the 
basal unit, whereas the upper section shows no 
‘evidence of this polygonal fracturing (Fig. 4A). 
Dark, sandy material has not been observed in 
the upper section and rarely occurs in the lower 
section of the PLD. The lower PLD is typically 
‘exposed on steeper slopes, indicating a different 
resistance to erosion and/or more effective mass 
wasting there, perhaps enhanced by erosion of 
the basal unit and consequent undercutting 
Although we cannot exclude the possibility that 
the fractures in the lower PLD are not repre 
sentative of its bulk properties and were formed 
during erosion of the scarps, Shallow Radar 
(SHARAD) results (/3) indicate that these 
sections difler in dielectric properties throughout 
the PLD. We therefore interpret the polygonal 
facturing of the lower PLD to be a result of 
inherent material properties or historical pro- 
‘cesses that are not common to the upper PLD. 

‘The lower-elief troughs within the northem- 
most PLD typically only expose layers in. the 
upper section. Here, layers within Mars Global 
Surveyor (MGS) Mars Orbiter Camem (MOC) 
images range in apparent thickness down to the 
image scale [1.5 mvpixel at best (14, /3)] 
However, HiRISE observations show that ap- 
parent layer thickness ranges down to the pixel 
scale (30 em) only where foreshortened on re 
tively steep slopes. Therefore, on more typi 
trough slopes, HiRISE has resolved the thinnest 
layers visible from orbit. For example, image 
PSP_001738_2670 (16) shows layers with ~1-m 
apparent width on a slope (derived from MGS 
Mars Orbiter Laser Altimeter gridded topo- 
graphic data) that implies a true thickness of 
~10 em. Any thinner layers that may exist 
appear to be obscured in many places by sur- 
ficial deposits of frost and/or ice (white in Fig. 4, 
B and C) and dust (red in Fig. 4B and gray in 
Fig. 40). 

HiRISE images of the PLD indicate that the 
‘apparent brightness of the layers is likely con- 
trolled by topography, texture, and surficial frost 
distribution (Fig, 4B) and is therefore not direct- 
ly related 10 the intemal composition of the 
layers. This implies that apparent layer bright- 
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‘ness profiles cannot be directly compared with 
calculations of obliquity- or precession-driven 
changing insolation in an attempt to date layers 
(US, 17, 18) 

Stratigraphic analyses using Viking and 
MOC images have shown that some layers can 
be correlated within one trough (14, 19), across 
several troughs (20, 2/), and even across wide 


areas of the PLD (/5, 22). One easily traceable 
layer is the “marker bed” (/4), so called because 
of its distinctive, knobby morphology (23). At 
full HiRISE resolution (Fig. 4C), this layer 
appears to have undergone localized slumping, 
perhaps of an overlying dust lag, and has linear 
grooves (possibly created by eolian erosion) and 
tiny knobs and pits doting its surface near the 


top of the layer. The marker bed protrudes, in 
most places, from the surrounding. layers, 
indicating that itis relatively resistant to erosion, 
By using these defining characteristics, we have 
identified six such layers within one HiRISE 
image, four of which are also traceable to 
another HiRISE image in a nearby trough. The 
presence of these newly discovered “marker 


1714 


Fig. 4. North polar layered deposits. (A) Transition in layering over polar 
scarp, section of HiRISE image PSP_0015S0_2640, at 83.83°N, 235.30°E. 
Slope dips toward bottom, ilumination from bottom, scene is 540 m across. 
(B) Portion of false-color HiRISE image (PSP_001738_2670, centered at 
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87.1°N, 92.6°E) of layers in upper portion of PLD. llumination from upper 
right. (© Portion of HiRISE image PSP_001488_2665 (centered at 86.51°N, 
30.0°E), showing original “marker bed” (diagonally across center). illumi 
nation from lower right. 
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beds” is suggestive of a repeating climate signal 
within the upper PLD. 

‘These observations are consistent with the 
following general history of the north polar 
region. (i) Dark sand saltates into the north polar 
region during periods (possibly high obliquity) 
‘when thick accumulations of ice do not form at 
the north pole, (ii) Altemating with sand migra- 
tion, ice accumulates and inhibits saltation of 
underlying dark sand (possibly during lower 
obliquity). (if) Several such depositional cycles 
produce altemating brighter (ice and dust) and 
darker (sandy) layers in the basal unit, (iy) ley 
layers, similar in morphology to those in the 
‘basal unit, are deposited with litle oF no dark 
ssand to form the lower (polygonally cracked) 
PLD. This transition trom the previous deposi- 
tional cycles may indicate that the sand supply 
\was exhausted of no longer transportable onto 
these growing deposits. (v) The upper PLD ac- 
cumulates, and varying conditions during its 
accumulation lead to the development of the 
layered sequences that have been correlated in 
multiple exposures (6, 22). (vi) Most recently, 
the thin north polar residual cap forms on top of 
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the PLD and evolves to its present state by con- 
densation and sublimation of water ice. Mass 


‘wasting of the PLD at steep scarps produces icy 
debris fans. 
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‘Mars’ polar regions are covered with ice-rich layered deposits that potentially contain a record of 
climate variations. The sounding radar SHARAD on the Mars Reconnaissance Orbiter mapped detailed 
subsurface stratigraphy in the Promethei Lingula region of the south polar plateau, Planum Austale. 
Radar reflections interpreted as layers are correlated across adjacent orbits and are continuous for up to 
150 kilometers along spacecraft orbital tracks. The reflectors are often separated into discrete reflector 
sequences, and strong echoes are seen as deep as 1 kilometer. In some cases, the sequences are 
dipping with respect to each other, suggesting an interdepositional period of erosion. In Austral Sui, 
layers are exhumed, indicating recent erosion. 


‘marked similarity between Mars and 
A Earth is the presence of thick polar ice 

, Which potentially provide a wealth 

of data about recent climate and atmospheric 
history (J, 2). The martian polar plateaus ane as 
‘much as 3.5 km thick (3)and composed of layers 
‘overlain by a residual (ie. perennial) ice cap that, 
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according to recent analyses, is no more than a 
fw tens of meters thick (4-6). The polar residual 
ice in the south is predominantly CO, ice con- 
taining trace amounts of dust and water ice (5). 
Compared to the non, the residual ice covers 
only a small portion of the south polar layered 
deposits (SPLD), which are offset from the pole 
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by ~2° and are asymmetrically distributed be- 
tween latitudes 70°S and 80°S (3). Most plateau 
surfaces are buried under an optically thick layer 
of sand of of seasonal frost accumulations (7). 
‘The layers are composed of water ice mixed with 
dust, with layer thicknesses and ice/dust ratios 
possibly controlled by orbital cycles (8), They 
‘apparently formed by deposition of ice conden- 
sates or precipitates and atmospheric dust (9, 10). 
The polar plateaus are considered 10 be very 
young. On the basis of crater counts, the surface 
‘age of Planum Australis estimated to be on the 
‘order of tens of millions of years (17, 12). 
Planum Australe was probed previously with 
the Mars Advanced Radar for Subsurface and 
onospheric Sounding (MARSIS) onboard the 
European Space Agency's Mars Express (6, 13). 
The MARSIS radar signals penetrated to depths 
cestimated to be greater than 3.7 km. (6), Sub- 
surface echoes are frequently very strong, indi 
cating minimal atenuation of the signal through 
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the SPLD. Although plausible solutions to mod 
cls of layer composition based on the dielectric 
losses are unconstrained (14), the SPLD may be 


composed of nearly pure water ice (6), With a 
vertical resolution of 150 m in free space, how- 
ever, MARSIS is not suited to study the structure 


Fig. 2. Topography of the Promethei Lingula region. Promethei Lingula is the extension of the Planum 
‘Australe plateau delimited by Chasma Australe to the top, Ultimum Chasma to the bottom, and 
Promethei Planum to the right. The ground tracks of the MRO spacecraft during SHARAD data 
acquisitions are shown in red for orbit 2202, in yellow for orbit 2423, in green for orbit 2624, and in 
blue for orbit 2835. The inset shows the location in the south polar area of Mars. 


of the deposits, because individual layers are a 
few meters thick (15), 

SHARAD (Shallow Radar) is a synthetic- 
aperture, orbital sounding radar on the Mars Re- 
connaissance Orbiter (MRO) (/6). SHARAD. 
was designed to complement MARSIS by tmd- 
ing penetration depth for improved vertical reso- 
lution (17, 18) and is beter suited for mapping 
T0-m-scale stratigraphy in the polar plateaus, 
Data are collected preferentially on the night side 
of Mars, where the Sun-excited ionosphere has 
a low electron density and plasma frequency, 
and radar echoes are thus nearly unaffected by 
distortions caused by propagation through a 
-y-lispersive medium, SHARAD oper- 
‘center frequency of 20 MHz, with a 10- 
MHz bandwidth that provides a free-space range 
resolution of ~15 m afler pulse compression. 
Resolution in the across-track direction ranges 


nsmitted signal is a 10-W, 85-5 chirped 
rly frequency-modulated) pulse emitted 
from 10-m-long dipole antenna, After downlink 

sat, coherent azimuth sums on ~1500 pulses 
taken at a pulse repetition frequency of 700 Hz 
result in a signal-to-noise ratio of 30 Wo 40 dB for 
a relatively smooth surfice (17, 78). Waves that 
are transmitted into the subsurface reflect from 
diclectric discontinuities and return (othe instru- 
ment at greater time delay than the nadir surface 
echo. The primary obstacle to the identification 
of subsurfice echoes is interference from off 
nadir surface echoes (known as “surface clutt 
that arives at the radar receiver with the sa 
time delay as th surface echoes, The da 
deseribed here were acquired in January and 
February 2007, on orbits 2202, 2413, 2624, and 
2835. The ground tracks of the radar are located 
Within Planum Australe’s Promethei Lingula re 
gion (Fig. 1), Here we report on the SPLD stra 
tigraphy as mapped by SHARAD in Promethei 
Lingula and interpret this information in terms of 
the depositional and erosional history 


ofsi 


Fig. 2. Radargrams for 
orbits 2202, 2413, 2624, 


face and subsurface in 
which brightness corre- 
sponds to echo power. 
The vertical axis is the 
two-way pulse travel 
time, and the horizontal 
axis is the distance of 
the spacecraft along its 
rourd track. Similar sub- 
surface layering structure 
is seen in these four 
closely spaced, parallel 
tracks. 
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Roughly half of Promethe! Lingula is dis- 
sected by canyon systems. These include deep 
canyons radial to the Promethei Lingula distal 
margin (chasmata) and smaller, curvilinear can- 
‘yons perpendicular to the chasmata commonly re- 
ferred to as “spiral troughs” (Fig. 1). The origin of 
the chasmata has been attributed to dissection by 
katabatic wind (12, 19, 20) or to basal melting 
(21), whereas development of curvilinear canyons 
has been attributed to aeolian erosion (20, 22) or 
to ductile deformation (23) of the SPLD. 
SHARAD data were scquired during four 
closely spaced (<5 km), nearly parallel orbit seg- 
ments (Fig. 1). These data (Fig. 2) are all charse~ 
terized by a multilayered intemal structure with 
dozens of internal reflections. Many of these re- 
flectionsare traceable over distances of up to 150 
km over the smooth area extending from the 
‘ouler edge to the central part of the Planum 
Australe plateau (from right to left in Fig. 2) 
There are several bands (packets) containing 
many thin reflectors running parallel or sub- 
parallel to the surface, separated by thicker di 
bands. To determine if they arise from subsurfac 
interfaces or come from surface topographic 
features at the same time delay, we ran a high- 
fidelity model of the expected contribution of off= 
nadir topographic clutter using Mars Orbiter 
Laser Altimeter (MOLA) data (7, 24, 25), Results 
‘show no visible surface topographic feature that 
explains the observed bands; hence, we conclude 
that they are subsurface reflectors. This banded 
structure is similar, and certainly related, 19 the 
layering visible in optical images, and radar re- 
flections are likely caused by intralayer compo- 


sitional variations in dust content or density Sets 
of reflectors can be correlated among the four 
radargrams, giving us confidence that the same 
layered structure extends laterally (across track) 
for several kilometers. Reflections are seen down 
to depths of about | km, consistent with the very 
low attenuation through the SPLD observed by 
MARSIS. However, such reflections are at 
shallower depth than the deepest reflection in the 
MARSIS madangrams over the same area, which 
are found at 1.3 km and comespond to the local 
plateau height relative to the surrounding plains 
(6). We deem that the lack of any deeper reflec- 
tors is more likely due to attenuation or scattering 
of the SHARAD radar signal than 10 the cha 
acter of the plateau basal interface. 

The distinct subsurface layered structure noted 
above is not present along the entre length of the 
four SHARAD ground tracks. In some areas, these 
dielectric interfaces pinch out or disappear entire 
Iy. Possible reasons for these changes in the echo 
behavior include (tilting of the layers, which can 
move the specular reflection from a smooth inter- 
face out of the Doppler bandwidth of the pro- 
cessed data; (i) increased surface roughness that 
decreases the effective amount of radar signal 
transmitted into the subsurface; or (ii) changes in 
geologic structure or physical state of the m 
terials that diminishes their diclectric contrast. 
adargrams, itis possible 
to identify four main boundaries (colored lines in 
Fig. 3) that separate different dielectric sequences. 
The first sequence, limited at the base by the 
low boundary and located in time between 1.7 
nd 5.3 ss of depth below the surfice, is dipping 


Orbit 2202 


Fig. 3. Enlarged view of data for orbit 2202. Four main reflectors, which separate different dielectric 
sequences, are marked with lines of yellow, white, orange, and light blue. Red ellipses highlight echo 
features identified as surface cutter through radar surface echo simulation (see text). 
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towand the right, Several of the upper layers in 
this sequence terminate at the surface, which is 
nearly horizontal in this segment. Below this 
reflector a second one (in white) is detectable at a 
time depth of about 4.3 40 5.6 is. Beneath such 
an interface a second well-defined sequence of 
layers is clearly visible up to a time depth of 
about 5.6 to 7.1 js where the third main reflector 
(in orange) closes the series. Finally, below it 
another multilayered structure, limited by a re- 
flector (in light blue) located at a depth of about 
11.0 t0 12.9 ps, is also visible. 

To convert echo time delays to depths re- 
quires assumptions about the material that the 
radar pulse is passing through. As mentioned 
above, the SPLD may consist mostly of water ice 
(6). We thus convert time to depth by assuming a 
real part of the relative permittivity of 3.5 
comesponding to that of water ice with a few 
percent of dus. The four reflectors shown in Fig. 
3 are located, from top to bottom, at depths of 
about 130 t0 420 m, 340 to 450 m, 450 t0 $70 m, 
and 890 to 1030 m. Because the depths scale by 
the inverse of the square root of the dielectric 
‘constant, small variations in material (ie, dust 
content) will not have a profound effect on cal- 
culated depths 

Above the first reflector in Fig. 3, the layers 
are continuous and generally of even thickness 
laterally. Below the second refl 
observation applies. Between the 
sequence goes from thick (about 240 m) to nearly 
zero, The layers become difficult to follow within 
this wedge-shaped region. We propose {wo 
possible interpretations for this morphology: (i) 
The pinching out of the layers in the wedge 
shaped region is an erosional feature (an uncon- 
formity): oF (ji) the shape of this region isa 
Primary feature of the deposition, ic, the thick- 
ness of some layers varies laterally. The first 
interpretation is consistent with conclusions from 
1 study of exposed layers in Promethei and 
Ulkimum Chasmata (Fig. 1) (/9). However, be 
cause there is no clear image of truncation of the 
bedding along a dipping boundary in the wedge- 
shaped region, we are unable to mule ou 
interpretation (ii) 

We interpret the dipping layers that are 
truncated at the surtice within Australe Sulci as 
due to erosion of the plateau surface rather than 
due to lateral variations in SPLD accumulation 
rate, because this last process would be unable to 
produce the observed constant thickness of the 
layers. This interpretation is consistent with the 
observation of erosional surface f 
‘Australe Sulci, whose shape and direction may 
be controlled by the wind, most likely by offpole 
katabatic winds (12). The local stratigraphic evo- 
lution can thus be interpreted as consisting of at 
least four stages: (i) essentially uniform deposi- 
tion of a lower package; (i) erasion at an angle, 
‘or laterally variable deposition; (i) renewed depo- 
sition on the angled surface; and (iv) truncation of 
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the angled package to the present horizontal sur- 
face as result of erosion 

Despite the age uncertainties of the polar 
deposits the strength of CO ice is insufficient to 
‘support the long-term topography of the polar 
caps (26), SHARAD data are consistent with a 
mechanically strong plateau material, as we see 
no evidence, such as folding or faulting, for low 
in the bulk of the plateau’s layered structure. 
However, flow resulting in broad-scale changes 
in layer thickness or flow atthe very base of the 
deposits cannot be ruled out by these obser- 
Vations, The continuity of layers, spanning 
distances of up to 150 km, is evidence that the 
depositional processes. that formed Planum 
‘Australe were regional in scale, as already 
inferred from layer correlation studies of 
‘exposures in Australe Mensa  27).and Promethei 
Lingula (19), Spectral and albedo observations 
‘of the surface indicate thatthe plateau surface is 
covered by an optically thick layer of dust or 
‘rocky material (7), but we do not see evidence in 
‘our data that can be interpreted in terms of an 
ice-free surface layer, perhaps because of its 


small thickness compared to SHARAD vertical 
resolution. 
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Density of Mars’ South Polar 


Layered Deposits 


Maria T. Zuber, 
‘Sami W. Asm: 


** Roger J. Phillips,” Jeffrey C. Andrews-Hanna,* 
* Alexander S. Konopliv,” Frank G. Lemoine,* 


Jeffrey }. Plaut,® David E. Smith,* Suzanne E. Smrekar® 


Both poles of Mars are hidden beneath caps of layered ice. We calculated the density ofthe south polar 
layered deposits by combining the gravity field obtained from initial results of radio tracking of the 
‘Mars Reconnaissance Orbiter with existing surface topography from the Mars Orbiter Laser Altimeter 
‘on the Mars Global Surveyor spacecraft and basal topography from the Mars Advanced Radar for 
‘Subsurface and lonospheric Sounding on the Mars Express spacecraft. The resus indicate a best-fit 


density of 1220 kilograms per cubic meter, which is consistent with water ice that has ~15% 
admixed dust. The results demonstrate that the deposits are probably composed of relatively 
‘lean water ice and abo refine the martian surface-water inventory. 


he martian south polar layered deposits 
(SPLD) (Fig. 1) contain the south polar 
residual ice cap and smooth, low-albedo 
surroundings that collectively rise ~3 km above 
the surounding cratered highlands terrain (/). 
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The residual polar-cap component is believed to 
be composed of water ice with an unknown ad- 
mixed dust component that is overlain by a thin 
(1- to 10-m) predominantly CO; cover (2-4). 
The COz veneer contains “swiss cheese- like” 
shallow depressions (5) that reveal the under- 
lying water ice at their bases. The more spatially 
extensive part of the SPLD (Fig. 1) has a low 
albedo and a dustiike spectral signature, which 
rises the question of whether the dominant 
‘component of the SPLD as a whole is volatile 
(HO and/or CO3) or dust. This question is 
relevant to establishing an accurate inventory of 
surface volatiles on Mars. 

In this study, we used initial high-resolution 
gravity observations from X-band (8.4 GHz) 


Doppler tracking of the Mars Reconnaissance 
Orbiter (MRO) (6) together with the volume 
‘obtained by combining surface topography from 
the Mars Orbiter Laser Altimeter (MOLA) (7) 
and basal topography from the Mars Advanced 
Radar for Subsurface and lonospherie Sounding 
(MARSIS) (8) to calculate the density of the 
SPLD and constrain their composition. The 
MRO's orbital perigpsis alitude of ~255 km 
above the south pole of Mars provides consid- 
‘erably higher spatial resolution measurements 
((140-km block size) than did previous Mars 
missions (9) and permits the gravitational attrac= 
tion of the SPLD and underlying crust t0 be 
resolved sufficiently for regional modeling for 
the first time (Fig. 2). 

‘We found the best-fit density by ealculating 
the predicted gravity field fiom the observed 
structures of the SPLD and of the crust and 
mantle, The key unknowns were the densities of 
‘the crust, mande, and SPLD and the topography 
along the crustimante interface (the Moho). The 
densities of the martian crust and mantle were 
taken to be 2900 and 3500 kg m *, respectively 
(U0). Because it is not possible to solve 
simultaneously for both the SPLD density and 
the Mobo topography, we represented the Moho 
beneath the SPLD by assuming that the topog- 
raphy before loading by the SPLD isin a state of 
partial isostatic compensation. The best-fit degree 
‘of compensation outside the SPLD of 91% was 
applied to the crustal topography beneath the 
'SPLD to estimate the depth to the Moho, The 
lack of observed flexure in MARSIS profiles (8) 
suggests support by a thick lithosphere (17). We 
caloulated the deflection of the Moho by the 
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SPLD as in (/2), using a fast Fourier transform 
approach (see supporting online material. 

‘The contributions to the gravity from the 
topography along the Moho, erustal surfice, and 
PLD surface were calculated, accounting. for 
the finite amplitude of the topography (/3). The 
'SPLD density was iterated to find the best fit 
between the modeled and observed gravity (/4). 
For the prefered case of zero flexure beneath 
the deposits, we found a mean density of 1220 
kgm’, with a 95% confidence interval (C1) of 
740 to 1780 kg mand a root mean square 
misfit over the SPLD of 22.9 mgal (1 gal = 107 
ms”) (Fig. 2), For a flexural depression of up 


Fig. 2. MOLA shaded relief mosa- 
ic combined with color from Mars 
Global Surveyor imaging of Mars’ 
south polar region showing the re- 
sidual ice cap (in white) within the 
smooth SPLO that overlie the cra- 
tered southern highlands. [Photo 
credit NASAMOLA Science Team) 
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Fig. 2. (A) Topography (7), (B) observed gravity, and (©) modeled gravity forthe SPLD with the best-fit 


to 100 m beneath the SPLD {the approximate 
Uncertainty of the MARSIS observations (8) 
the best-fit density increased to 1290 kg m- 
Reducing the crustal density to 2700 kg m* 
reduces the SPLD density marginally to 1200 
kg m. The result is only weakly sensitive 
to the assumed degree of compensation, and 
thus the recovered density is not highly sensitive 
to the key unknowns. 

‘As an independent check, we also performed 
an inversion for the SPLD density. We cal- 
culated modelgravity anomalies associated with 
the crust and mantle, assuming crustal and 
Moho topography and densities as noted above. 
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density of 1220 kg m->. Map windows are 40° by 40° in stereographic projection. (D) 95% Cis are 


indicated by dashed lines. RMS, root mean square. 
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The residual gravity compared to the observed 
‘gravity was assumed to be due solely to the mass 
of the SPLD, which is a simplification because 
‘some of the variation is probably due to crustal 
sources, For this simple model, results yilded a 
model average density of 1290 kg mr, con- 
sistent with the forward model results. 

‘The density of 1220 kg m™, taking into ac- 
‘count surface spectral measurements (3, 4), is 
most simply explained by water ice with a sil- 
icate dust content of 15%. Though the 95% CL 
formally allows for the possibility of pure water 
ice, dust is observed at the surface (Fig, 1) of the 
SPLD, and in the subsurface, layering that prob- 
ably refleets altemating ice and dust possibly 
emplaced during different climatic time periods 
is indicated by MRO sounding-radar profiles 
(15), Our result can be compared with a dust 
content of 0 to 10% infered from the diclectic 
Joss tangent of the SPLD measured by MARSIS. 
(8), talso supports an earlier inference based on 
laboratory measurements of rheological proper 
ties (76) that the SPLD are mostly water ice 
rather than denser (1589 kg m ”) COs ice. 

Despite the dustlike albedo and spectral sign 
ture over most of its suroce, the martian SPLD 
are probably composed of relatively clean water 
ice, These deposits represent the lagest known 
surface reservoir of water on Mars today and the 
langest inthe inner solar system outside of Earth 
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Feather Quill Knobs in the 
Dinosaur Velociraptor 


‘Alan H. Turner,” 


t partially covered in feathers or fila- 

mentous protofeathers (J). However, a 
complete understanding of feather distribution 
among theropod dinosaurs is limited because 
thers are typically preserved only in lager- 
n like that of Solnhofen, Germany or 
China. Such deposits possess clear 
taphonomic biases toward small-bodied animals, 
ng our knowledge regarding feather pres- 
n larger members of feathered clades 

We present direct evidence of feathers in 
Velociraptor mongolensis 
based on the presence 
‘of quill knobs on the pos- 
terior forearm. in. many 
living bids, raised knobs 
lng the caudal margin 
ofthe ulna reveal where 
the quills of the second 
any feathers re anchored 
to the bone by follicular 
ligaments, Quill knobs 
ie Variably present in 
‘extant bind species and 
fare present in only a 
few basal taxa such as 
Tehthyornis (2), so theie 
absence does not nec- 
cessarily indicate a lack 
of feathers. Their pres 
cence, however, is a di- 
rect indicator of feathers 
‘of modem aspect (c.g 
feathers composed of a 
rachis and vanes formed 
by barbs). 

The specimen IGM 
(Geological Institute 
‘of Mongolia) 100981 
was collected at the 
Gilvent Wash locality 
near Ukhaa Tolgod 
(Campanian Djadokhits 
Formation). The speci 
‘man is estimated to have 
been 1.5 m long and to 
have weighed roughly 
15 kg, It possesses 8 
cral characteristics found 
in K mongoliensis, 
‘common dramacesaurid 
in the Djadokhta For- 
mation, IGM_ 1000981 
preserves six low papil- 
le on the middle third 


S ‘ome nonavian theropod dinosaurs were at 
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of the caudal margin of the ulna (Fig. 1). These 
ae regularly spaced about 4 mm apart. Topo- 
graphically, these papillae comespond to the quill 
knobs in living birds. Given their spacing in 
IGM 100981, we estimated that there is space 
for cight additional secondary feathers. This 
suggests that 14 secondaries were present in 
Velociraptor, which compares well with the 12 or 
more secondaries in Archaeopteryx (3). About 18 
secondaries are suggested for the dromaco- 
saurid Microrapior (4), whereas its close relative 
Rahonavis appears to have possessed just 105). 


Fig. 1. (A) Dorsal view of right ulna of Velociraptor IGM 100981. (B) Detail 
of red box in (A), with arrows showing six evenly spaced feather quil knobs. 
In @), a cast of IGM 100/981 was used. (C) Dorsal view of right ulna of a 
turkey vutture (Cothartes). (D) Same view of Cathartes as in (Q but with soft 
tissue dissected to reveal placement of the secondary feathers and greater 
secondary coverts relative to the quill knobs. (E) Detail of Cathartes, with 
tone quill completely removed to reveal quill knob. (F) Same view as in (E) 
but with quill reflected to the left to show placement of quill, knob, and 
follicular ligament. Follicular ligament indicated with arrow. 


Such variation is expected because extant birds 
display variable counts even within species (3), 
Known coelurosaurs with wing feathers of 
modem aspect are small basal members of theit 
respective clades. Some have been considered 
possibly volant (4, 5), and it has been suggested 
that the large-bodied, derived members of the 
feathered theropod clades may not have retained 
feathers or only retained feathers while juve~ 
niles (6). This Felociraptor specimen indicates 
this is not the case for at least one lineage of 
dromacosaurids. An examination of the living 
families of binds shows a significant comeation 
between the absence of ulnar papillae and the 
Joss and/or reduction in volancy, even though 
some strong flyers lack papillae (7). This raises 
the possibilty that ulnar papillar reduction or 
abserice in large-bodied derived dromacosaurids 
reflects loss of aerodynamic capabilities from the 
cclade’s ancestral members, Quill knobs in 
Velociraptor could reflect retention of feathers 
from smaller possibly volant ancestors, but such 
feathers may have had other functions, Although 
thermoregulatory effects of secondaries on the 
ulna would be negligible, such feathers could 
have been used for display (1), in shielding nests 
for thermal control (8), or for creating negative 
lif during incline running (9), Whether this fea- 
ture represents retention of an ancestral function 
‘or the cooption for other purposes, the presence 
‘of quilled feathers on the posterior of the arms 
in a medium-sized derived, clearly nonvolant 
romacosaur can now be established. 
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A Vasculature-Associated Niche 
for Undifferentiated Spermatogonia 
in the Mouse Testis 


‘Shosei Yoshida,” Mamiko Sukeno, Yo-ichi Nabeshima 


‘Mammalian spermatogenesis produces numerous sperm for a long period based on a highly potent stem 
cell system, which relies on a special microenvironment, or niche, that has not yet been identified. in this 
study, using time-lapse imaging of green fluorescent protein-labeled undifferentiated spermatogonia 
Ann) and three-dimensional reconstitution, we revealed a biased localization of Amu to the vascular 
network and accompanying Leydig and other interstitial cells, in intact testes. Differentiating 
spermatogonia left these niche regions and dispersed throughout the basal compartment of the 
seminiferous epithelium. Moreover, rearrangement of Azssn accompanied the vasculature alteration. We 
‘propose that the mammalian germline niche is established as a consequence of vasculature pattern 
formation, Ths is different from what is observed in Drosophila ot Caenorhabditis elegans, which display 
developmentally specified niche structures within polarized gonads. 


issue homeostasis is ensured by the 
normal functioning of stem cells, which 


niche. In these organisms, the gonads are polar- 
ized: One end opens out of the body wal, and the 


ane characterized by their ability to self 
‘renew, as well as to differentiate into specialized 
cell types, Stem cells are tightly linked to their 
niche or microenvironment, which regulates their 
‘behaviors (1, 2). The Drosophila and Caenorhab= 
divi elegans germ tines represent model systems 
that have provided insights into the stem cell 


‘opposite end harbors a specialized somatic com 
partment that supports the stem cells. The somatic 
‘components of the stem cell niche are develop- 
‘mentally specified, and their elimination causes 
ireversible stem cell dysfunction (1, 3). 
Functional and genetic evidence suggests that 
the niche is also critical to mammalian spermato- 


Fig. 2. Anatomy of the testis and observation of the GFP-tabeled 
spermatogonia. (A and B) Anatomy of the testis and the 
observation strategy. See text for details. To observe the GFP- 
labeled Away, a part of a testis of Ngn3/EGFP transgenic mouse 
(20) was flattened with a cover glass. The GFP-labeled 
spermatogonia in the outermost tubules were observed under a 
fluorescence microscope through the tunica albuginea, peri- 
tubular myoid cells, and basement membrane. Only the 
superficial region that covered the basal compartment could be 
seen (indicated by the upward-pointing arrows). (C and B) (O A 
representative tiled image and (C) a trace of the labeled 
spermatogonia (green), blood vessels (red), and interstitium 
(Yellow); seminiferous tubule continuity is indicated in blue. (D) 
and (D') are magnified images of a part of (C) marked by a 
rectangle. Labeled Aug can be observed, whereas the 
meshwork of cells weakly positive for GFP in (D) lindicated in 
gray in (0'] constitutes the differentiating spermatogonia (dif). 
Scale bars, 100 jim, 
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genic stem cells (4-7); however, the structural 
basis of this niche is largely unknown. The mam- 
malian testis lacks overall polarity: Seminiférous 
tubules form loops with both their ends connected 
to the rete testes, the outlet for sperm from the 
testis, Sem cells are scattered throughout the loops. 
‘The inerstifum between the convoluted semi- 
niférous tubules contains the vasculature network 
‘and Leydig cells, macrophages, as well as other 
cells that surround the blood vessels (8, 9) Fig. 
1, A and B, sce also fig. S1, A and A’), The basal 
‘compartment within the seminiferous tubules (the 
space between the basement membrane and the 
Sertoli cell tight junctions) supports all the stages 
of spermitogonia before mei uding the 
stem cells. However, no specialized niche sub- 
structure has been identified (4) (Fig, 1B). 
‘Unequivocal identification of the spermato- 
‘genic stem cells in the mouse tests has also not 
bbeen achieved, However, a subset of prim 
spermustogonia (<I% of total testicular cells) 
termed “undiflerentiated spermatogonia” ot 
“Aum” includes stem cells that constitute an 
as-yet-unidentified subpopulation (10, 11), The 
‘Anse population persists throughout the semi- 
niferous epithelial cycle, which takes 8.6 days 
to complete and is divided into stages I to XIl 
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(9, 12), The Aunsir population periodically gives 
rise to the A, differentiating spermatogonia at a 
specific stage (Vil to VIIN ofthe eycle (9, 13,14). 
‘Ay spermatogonia subsequently go through six 
synchronous mitoses [generating Az, As. Ay. 
intermediate (In), and B_ spermatogonia, and 
preleptotene spermatocytes}, which are tightly 
linked to the seminiferous epithelial eycle pro- 
‘gression, before undergoing meiosis. In contrast, 
Awa divide asynchronously under a weaker 
restriction of the eycle (9, 14, 15). The reconsti- 
‘uting colony-forming activity after transplantation 
is enriched in the Angie population (16, 17). 
The Arar population contains Ainge (Aw 
isolated cells), Apaies (Aye Pairs of intercon 
nected cells), and Astgnes (An, chains of 4 8, 16, 
‘or occasionally 32 cells) spermatogonia (9, 13) 
Visualization of the chains requires whole-mount 
preparations of the seminiferous tubules, a pro 
cedure that disturbs the testicular organization 
and eliminates the vasculature and cells of the 
interstitial compartment. In paraffin sections, 
‘Ansar Show primitive nuclear momhology lack- 
ing. prominent heterochromatin condensation; 
however, distinguishing Ayagar from differenti- 
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we ; q i spermatogonia density ir 
‘each area, classified by the seminiferous epithelial stages. () Their preference for the clase area [(dersity in 
close area) density in distant area), which was expected to be 1 in the case of random distribution). Results 
{rom 1155 GFP-positive spermatogonia in 77 seminiferous tubule segments are summarized. 
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ating A spermatogonia (A, to A.) is difficult (13). 
CChiarini-Garcia et al. morphologically identified 
Acasa in plastic-embedded thin sections and 
reported their preference for an area facing the 
interstitium in the mouse and rat testes (J8, 19). 

In this study, we analyzed the localization and 
behaviors of Awan undisturbed testes. For that 
purpose, Awasr Were labeled with green fluores- 
cent protein (GFP) under the control of the Ngn3 
(neurogenin3) regulatory sequence (20, 21), 
'Ngn3-positive spermatogonia constitute a major, 
although not the entire, fraction of Awasir and 
give rise to al of the spermatogenic cells in the 
mature testis (1, 


tion of the labeled spermatogonia. Our strtezy 
for observing the GFP-labeled. spermatogonia 
located just beneath the wnica albuginea, the outer 
capaule of the teats, is shown (Fig. 1, A and B) and 
desorbed (2/) By this method, the labeled Avast 
(green in Fig. 1, C and D) were detected because of 
theirstrong GFP signal, while the background auto- 
fluorescence allowed us to recognize the postion of | 
seminiferous tubules (bive), blood vessels (rad). and 
imerstita cells (yellow) The differentiating progeny 


(close/distant) density (cells/104) 


onanoan 


spermatogoria. 
(A, A} Tiled multiple fluorescence images (A) 
and ther traces, similar to Fig. 1C. The position 
of the GFP-positive spermatogonia is indicated 
‘by dots (A). Roman numerals indicate the 
seminiferous epithelial stages of each region, 
determined as described in fig. S1. Scale bar, 
100 jim. (B to E) Quantification of the GFP- 
labeled spermatogonia located clase to (<40 
um) are distant from (>40 jum) the interstitium. 
A cut-off of 40 jum was selected because it was 
‘one-fourth the average width of the observed 
seminiferous tubule region. The observed 
seminiferous tubule surfaces were divided: B, 
‘Sage IV; and C, stages Vill and IX. The GFP. 
positive spermatogonia in the dose (pink) and 
‘stant (white) areas were counted. (D) Summa- 
ty ofthe GFP-positive ia density in 
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(of Agar that remained in the basal compartment 
(A: to B spermatogonia) were also observed with- 
in the same two-dimensional image before cells 
‘moved to the adluminal compartment and entered 
mens, as long as they retained the residual GFP 
uorescence (gray in Fig, 1D). 

The GFP-labeled spermatogonia. showed 
variable distribution patterns relative to the local 
seminiferous epithelial stages that we determined 
(fig. SI and Fig. 2). At stages IV to VI, they 
exhibited a strong preference for the region 
‘adjacent tothe blood vessels and the interstitium. 
(Fig. 2, B to E), The preference became weaker at 
stages VII to VII, when the Avago A, transition 
‘occurs, and was mostly lost in stage IX, when Ay 
give rise Az after the fist synchronous division, 
This is compatible with previous observations on 
plastic-embadded sections (/8, 19). Ayer Showed 
4 strong comelation with intertubular vessels 
{arterioles and yenuoles) that usually accompany 
interitial cells, but not with capillaries or vessels 
without surrounding interstitial cells. Weakly 
stained differentiating spermatogonia were detact- 
able usually up to As or Ay (stages Lor If to IID), or 
‘occasionally up to B at stage VI. 

Biased localization of Ayam and their 
migration during the transition to differentiat- 
‘ng spermatogonia. To more comprehensively 
visualize the locations and movements of sper 
matogonia during the Aypsart0 A, transition, we 
Performed time-lipse imaging. A representative 
‘compilation of images ofa continuous tubule seg 
ment are shown (Fig. 3), with a portion of them 
highlighted (Fig. 3B and movie $1). At the be- 
ginning of the imaging (around stage VI, labeled 
spermatogonia clustered at a position adjacent to 
the vessels and interstitium (star). During ~30 (0 70 
‘hours, two chains of interconnected cight GFP- 
Positive Awour (Aug, indicated by orange and 
yellow asterisks in Fig, 3B) migrated out of this 
region and, thereafer, divided into 16-call chains 
with a similar timing (at 76 hours and 73 hours), 
(On the basis of the stage-specific distribution 
pattem of the GFP-labeled cells (Fig. 2), we 
determined that these divisions were the A, to Ay 
division, i.e, the fist synchronous division of the 
differentiating spermatogenia that occurs at stage 
IX. Similar behaviors were consistently observed 
of other spamatogonia undergoing the Ars (0 
A, transition, which Jed us to conclude that this 
transition event coincides with migration away 
from their original position near the intertubular 
vessels. The migrating spermatogonia divided 
infrequently [usually >40 hours (Fig, 3B and 
movie SI), sometimes >70 hours], compatible 
with previous studies using fixed testes (/3, /4). 
‘The spermatogonia continued to migrate beyond 
the A, to As division until they were evenly dis- 
‘tributed throughout the basal compartment—this 
‘occurred around the A: to As division in stage XI. 

Gray ovals in Fig. 3A’ indicate the positions 
from which the labeled A,r migrated out and 
‘ransited into A;. Representative examples with 
hhigher magnifications are also shown (Fig, 3, C 
to F), Within the zone facing the interstitium and 
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blood vessels, the labeled spermatogonia exhib- 
ited a funher preference for the branch points of 
the blood vessels, as indicated by blue eles in 
Fig. 34’, Characterstically, labeled Avs Sper- 
‘matogonia were often found in the inner or outer 
comer of tuming tubules, which were also asso- 
ciated with vascular branching (Fig. 3, E and F). 
Itis noteworthy that such branch points always 
‘coincided with abundant interstitium. In some in- 
stances, Awe in neighboring seminiferous tu- 
bbules were localized on the opposite side of the 
branching vessels (Fig. 3, Cand D). The majority of 
such branch points accompanied the Ayaagr Gus 
ters, although, in some eases, the migration of the 


Fig. 3. Time-Lapse observation of the GFPabeled 
spermatogonia. during the transition from undif- 
{erentated to differentiating spermatogonia. (A, and 
'A) Composition of multiple fluorescence images atthe 
beginning of the imaging (A) that incudes a 
continuous seminiferous tubule segment represented 
in (A) (asin Fig. 28), Rectangles in (A) indicate the 
positions ofthe images in the rest ofthe figure. Gray 
‘vals in (A) indicate the sites from which GFP-postive 
‘Awan Migrated during ther transition to dfferentiat- 
‘ng spermatogonia. The smaller blue circles indicate 
the blood vessels branch points, some of which 
(indicated by asterisks) have branches running inward 
{nto the testis (perpendicular to the image plane) 
Scale bar, 100 mn. (B) Selected frames ofthe record of 
the area shown in (A) (also see movie 52). Numbers 
indicate the approximate elapsed time in hours 
Orange and yellow asterisks indicate two syncytial 
clones that divided during the imaging. individual celts 
in these clones are indicated by arrowheads in some 
frames; some cels of the orange done are behind a 
blood vessel in frame 84 hours, Mitses were observed 
at 30 hours and 76 hours inthe orange done (4 to 8 
and 8 to 16 cells, respectively, and at 73 hours inthe 
yellow clone (8 to 16 cell), Star, a blood vessel branch 
Point, corresponds to the star in (AY. (C to F) Typical 
‘examples of the regions wherein A,aa are located 
before they transit to diferentating s ria. 


Acasa spermatogonia away from the surface of he 
exposed seminiferous tubule hid them from view 
Vasculature-related localization of Axa 
in inner seminiferous tubules. The above find- 
ings were from the superficial area of the seminif- 
cerous tubules that contacts with tunica albuginea, 
and the GFP-labeling was dependent on the Nen3- 
regulatory sequence and might not represent the 
entire Ase population (//, 20). Therefore, to ob- 
‘ain more universal information, we reconstructed 
three-dimensional images from paraffin-cmbedded 
serial sections afler cell-type determination by 
examining nuclear morphology after hematoxylin 
staining (9) (Fig. 4), Because of the uncertainty in 


distinguishing Awssarfrom Ay to Ag diffrent 

\we restricted our analysis to stages 
TV to Vil, stages that contain Agr and nascent 
Ay spermatogonia, but lack mone diffientiated 
type-A spermatogonia, 

‘Three-dimensional reconstruction allowed us 
to follow the convoluted seminiferous tubules 
and the surrounding vasculature network (Fig. 4, 
D to G): The yellow stripes and the blue areas 
represent the regions facing the interstitium and 
the neighboring tubules, respectively, The Avedur 
(green) showed a clear correlation withthe yellow 
stripes running beneath the blood vessels, with an 
‘additional preference forthe blood vessel branch 


spermatogo 
‘Arrowheads indicate clustered GFP-postive Aya. (Oto (E) Magnified images ofthe areas presented in (Al (F) a different observation. 


Fig. 4. Three-dimensional recon- 
stitution of the seminiferous. tubule, 
surrounding vasculature, and Avast 
localization. (A to C) Tracing of the 
‘components in each section. (A) A 
microscopic image of a serial section 
stained with periodic acid-Schiff and 
hematoxylin. The seminiferous tubule 
‘of interest was traced; its peripheral 
regions facing the interstitium (yellow), 
those facing the neighboring seminit- 
‘erous tubules (blue), and the blood 
vessels (except capillaries; red) are 
shown, Traces of seminiferous tubules 
at stages from IV to Vill show Asan and 
nascent A, spermatogonia as green 
dots. Scale bar, 100 jum. (B), traced im- 
age and (O, a magnified view of an 


‘Auwain spermatogonium indicated by the arrowhead in (A), with 2 pale 
homogeneous staining of the nuclear materials, and its comparison with a 
differentiating B spermatogonium found in the same section (inset). (D to G) 
Three-dimensional reconstituted images. (D) and (E) Entire views and [(F) 
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and (G)] closer images with ((€) and (G)] and without [(0) and (F)] blood 
vessels. Seminiferous epithelial stages are indicated, with a small modu- 
lation in their order, as described (asterisks) (9). Arrows in (G) indicate the 
‘examples of blood vessel branch points associated with A,qait clustering, 
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points (arrows in Fig. 4G). In stages IV to VI, a 
small number of Asser spermatogonia were 
tightly clustered near the interstitium. In stages 
VII to Vill, they increased in number and were 
more dispersed than in stages IV to VI, similar to 
what we had observed during the Ayr 0 Ay 
transition with live GFP-labeling (Figs. | to 3). 


Vvillnix 


= | 


Rearrangement of Azasa accompanies the vas- 
calature pattem alteration. To assess the func- 
tional tink between the vasculature pattem and 
Acqset localization, seminiferous tubule fra 

rents from donor mice (marked with ubiquitous 
GFP) wer: freed of the attaching vessels and inter 
sft, thon wansplanted bencath the unica albu 


Fig. 5. Localization of spermatogonia in the transplanted seminiferous tubule fragment. (A and B) A GFP- 
positive seminiferous tubule fragment that survived in the host testis 3 months postransplantation beneath 
the tunica albuginea. (A) An overlay ofthe bright feld and fluorescence images: (B) a closer fluorescence 
‘graft image; and (C) a section of the graft, hybridized in situ with the enhanced GFP probe. (0) A 
hemataxylin-and-eosin-stained section showing the donor seminiferous tubules harboring multiple germ 


cell layers. e, elongated spermatid 


¥, found spermatids; c, spermatocytes; g, spermatogonia; and i 


‘ntesttium. (E) Spermatogonia withthe type-A morphology observed in the graft. (F) A section of the donor 
seminiferous tubules hybridized with the Ngn3 probe. Arrowhead indicates an Non3-postve spermatogo- 
nium. () A magnified image. Dots, the basement membrane; and i interstitium. Scale bars, 100 jm. (H to 
'M) Three-cimensional reconstitution of the same graft; [() to QW), at higher magnifications. Most of the 
‘green dots represent the positions of spermatogonia with the type-A morphology, whereas some of them 
were identified on the basis oftheir Non3 expression determined by in situ hybridization [(F and (G)]. Roman 
‘umerals indicate the approximate seminiferous epithelial stages, and arrows indicate the blood vessel 
branch points associated with Auge clusters. The region marked “def” contains defective spermatogenesis. 
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ginea ofa revipint tests (Fig. 5). Afler3 months, the 
gmafis survived in an unusual coed configuration, 
and a significant part of them harbored donor 
derived spermatogenesis with multilayered organiza- 
tion and an apparently normal seminiferous epithe 
exele (Fig. 5, A to), Therefore, normal functioning 
of the sem cells was restored in the grafts 

A three-dimensional reconstnetion of a. graft 
(Fig. 5, Hto M) is represented in the same manner 
as in Fig, 4. The vasculature was established in 
good coordination with the abnormal shape of the 
graft (Fig. 5,B, H, and D, which suggested that the 
‘vasculature pattem was diferent from that present 
in the donor testis, Interstitial cells inchuding the 
Leydig cells were also established surrounding 
the vasculature (Fig, SD), The green dots represent 
the spermatogonia with a primitive morphology 
common 10 Agger ad A, to Ay spermatogonia 
(Fig. SE), some of which were Nen3-positive (ig, 
5, F and G). If we assume that the seminiferous 
epithelial eycle is normal in the graf, the green dots 
represent Ayer localization before the transition 
into A, (stages V to VID. They preferentially 
localized to interstitial zones, and even to the 
branch points of the vessels (Fig. $, J to M), in 
stages ~VIl to IX, they were no longer restrict to 
the interstitium and were also found in regions 
facing neighboring tubules (Fig. 5, H and D, 

Therefore, a normal pattem of Ayr locale 
ization reappeared when the surrounding vascu- 
interstitium were reorganized. The 


ng correlation between the vessels, the 
e graft, and the Ayayir localization 
ertitium play 


suggest thatthe vasculature and in 
ial role in the Awa relocat 
is not excluded that the Awwir may have also 
affected the vasculature to some ext 
‘A microenvironmental niche for Apu linked 
to the vasculature. in summary, in the mature 
mouse testis, Ajaacr ane preferentially located in 
restrictad portions of the basal compartment within 
the seminiforous tubule, which are adjacent to the 
blood vessels and interstitium and are particularly 
close tothe blood vessel ranch points, On making 
the transition into differentiating spermatogonia, 
they migrate out of these areas and disperse over 
the entire basal compartment of the se 
epithelium, These limited 
cred the microenvironmental niche for Auge The 
actual stem cells, which constitute an as-yet- 
unknown Avie subpopulation (17), might also 
reside in these regions, although iti sil possible 
that the actus! stem cells are localized differently 
and that only their immediate Awgar progeny prefor 
this miroenvironment. Ayr sparmatogonia do 
not behave uniformly in these niche regions. in 
some instances, they miggate aut and transit into A; 
in ofher instances, they remain within the niche. 
This might reflect heterogeneity within the niche 
environments or within the Awyaer population. 
Our study raises the question of why Avr 
localization recapitulates the vasculature pattem, 
One straightforward possibilty i that blood vessels 
remit Aver Recently, a “vascular niche” has been 
deseribed for several ather stem andlor progenitor 
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cells (23-26). A similar interaction might be 
possible inthe testis. However, unlike cells in the 
‘bran, bone marrow, and tumors, spemiatogonia are 
‘not in direct contact with the vasculature 

Leydig col are strongly associated, anatomical- 
ly, with the blood vessels: Moreover, Leydig cals 
hhave been also proposed to originate from cel in 
blood vessels such as smooth muscle cells or 
pericytes (27) Therefore, the Leydig cell (or other 
{ypes of interstitial cells) might contribute to the 
niche microenvironment by producing androgens 
‘or other factors, This is compatible with the ob- 
servation that Ayagarare preferentially associated 
with blood vessels surrounded by Leydig cells. 
‘The preference for the branch points of blood 
vessels might reflect the importance of Leydig or 
other interstitial cells, because such regions are 
‘usually rich in these cell, 

‘Vasculature-oriented niche specification in 
the mouse testis. Regardless of the identity of 
the primary somatic niche cell type, this study has 
shown that the niche for Aga and possibly that for 
the stem calls, is associated with the vasculature 
pattem. The grand design of seminiferous tubules 
(ests conds in the fetal tests) and testicular vesels 
are estublished by developmental processes linked to 
sex iffeentation (28), In contrast the complex 
packaging of the highly convoluted seminiferous 
tubules (29) and the networking of the vasculature 
running, between the tubules are not likely to be 
ppretemnined. Rather, the intrinsic patem-fomning 
activity of the vessels (30) appears to play an impce- 
‘an role inthe establishment ofthe foal yasculure 
‘that surrounds the seminifirous tubules. Therefore, 
niche formation is unlikely to be a developmentally 

process and is more likely w be an 
indirect consequence of vasculature formation. This 
‘conclusion is futher supported by our grafting dit, 
Which showed that Apa Rearrangement accompa 
nied vasculature alteration (Fig. $). 


‘A vasculature-oviented niche formation has 
several attractive features. Itallows niches to form 
‘at regular intervals all through the seminiferous 
tubule loops, whatever their length. Additionally, 
new niches could be added as the tissue increases 
in size o following tissue damage and revascuia- 
ization, When the niche is regenerated, spomisto~ 
genesis could be reestablished after intratubular 
‘migration of the stem cells from neighboring un- 
affected regions. These features make a good 
contrast to that ofthe Drasophila or Caenorhabi- 
tis elegans germline niche, which is totally depen- 
dent on the developmentally determined somatic 
cells and, once damaged, niche cells never regen- 
erate. Such niche plasticity could be particularly 
beneficial for continuous spermatogenesis during 
the long reproductive periods of mammals. 
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Universality Classes for Domain Wall 
Motion in the Ferromagnetic 
Semiconductor (Ga,Mn)As 


'M. Yamanouchi, *? }. teda,?* F. Matsukura,’* 5. E. Barnes,** S. Maekawa,”* H. Ohno™** 


‘Magnetic domain wall motion induced by magnetic fields and spin-polarized electrical currents is 
‘experimentally well established. A full understanding of the underlying mechanisms, however, remains 
elusive. For the ferromagnetic semiconductor (Ga,MIn)As, we have measured and compared such 
‘motions in the thermally activated subthreshold, or “creep,” regime, where the velocity obeys an 
Arthenius scaling law. Within this law, the clearly different exponents of the current and field reflect 
different universality classes, showing that the drive mechanisms are fundamentally different. 


spin-polarized current can interact with 
@ magnetic domain wall (DW) (1), 
allowing the magnetization di- memory (8). However, a full understanding of 
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the underlying mechanism of magnetization re- 
versal by DW motion is lacking (9-15). Recent 
progress in the nanofabrication of feromagnetic 
structures has made possible the investigation of 
the dynamics of a single DW subject to a spin- 
polarized electrical current, Systematic experi- 
mental data, spanning five decades of DW 
velocity, »; for a curentdriven microstructure 
rade from the ferromagnetic semiconductor 
(GaMn)As (/6) has revealed that the DW 
velocity increases roughly linearly with the 
‘current density, j, beyond its threshold value, 
jc. This can be understood in terms of the spin- 
‘transfer mechanism in which the angular momen- 
‘um is transferred from the flow of spin-polarized 
carriers to the localized spins in the DW, thus 
producing a torque and resulting motion, In the 
subthreshold creep regime below jc, it was found 
that the motion follows an unexplained empirical 
scaling law. Similarly, v is approximately linear 
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in the magnetic field, H, for modest values larger 
that afield threshold Hc (/7). These facts suggest 
that there might be a linear relation between Hf 
and j that results in a given drive and v, We have 
‘made comparison between the sublhreshold 
DW motion resulting from these two driving 
influences. For both cases, an Amenius scaling 
law is obeyed but involves incompatibly distinct 
powers of H and j, showing that « linear relation 
between the field- and current-induced drives 
does not apply here. Whereas the fiek/-driven 
data are compatible with the existing theory for 
the random-field universality class, the curent- 
induced motion is not and does not appear to fit 
any known class. A theoretical framework to 
explain this behavior has been developed. 

In this work, we used the (Ga,Mn)As device 
(Mn composition x ~ 0.045) thoroughly studied 
in our previous experiments on currentinduced 
DW motion (/6), Due to the tensile strain in- 
duced by (In,AI)AS underlayer, there is a mag- 
netic easy axis perpendicular to the plane. The 
device (lopmost inset in Fig. 1) consists of two 
regions, Land tl: The Curie temperature, Te, 
of region 1, within which is swept the DW, is 
112 K. Through use of the thickness-dependent 
ceaercivity (2), the DW is initially placed at the 
etched step boundary by H. Once the DW is 
created in this channel, it can also be reset at the 
step boundary by a current, Micromagnetic 
calculations based on the p-d Zener model show 
that the DW of interest is a Bloch wall of width 
17 nm (/8). With = 0, the DW, at the step 
boundary, is injected into region I by / oF H 
pulse, The area swept by the DW observed by a 
magneto-optical Kerr effect (MOKE) micto- 
scope is used to determine the effective DW 
displacement, deg: the insets of Fig. 1, A and B, 
show typical images with various pulse dura 
tions, w>, The moving head of DW has a wedge 
shape in the currenteinduced case, reflecting a 
‘nonuniform current distribution around the DW 
«due tothe polarity change ofthe anomalous Hall, 
effect. For the field-induced (curentinduced) 
case shown in Fig. 1A (Fig. 1B), initially deg 
increases gradually (rapidly) with wp, and then the 
slope becemes almost constant foe de> 15 im. 
We determined the effective DW velocity, vor. 
from the linear slope for d> 1S pm. Figure 2, A 
and C, summarize the dependence of Yaron jul 
(hi = 1.9 to 11 nif for T= 100 to 104 K: po: 
‘vacuum permeability) and j (j=4.5 * 10*to 1.1 
10° vem” for 7'= 98 to 104 K), respectively. To 
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‘compensate for the effects of Joule heating, we 
‘determined sample temperature, 7 forthe current- 
induced case using the device resistance as a 
thermometer (/6). The temperature range for the 
‘measurements is restricted by the Joule heating for 
the current-induced case and by the temporature- 
dependent coercivity, Le, the coercivity for re- 
gion | becomes greater than that of region Il 
below 96 K, for the ficld-induced case. The 
logarithmic plots ofthe velocity show a nonlinear 
dependence on both jgH and j, strongly suggest- 
ing that the DW motion observed here is in 
the creep regime (19). We test the scaling of the 
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Fig. 2. (A) Logarithm of var versus rioH for 100 to 104 K. (B) Scaling of 
logarithm of vq is plotted as a function of (7c — “ug *2. (C) Logarithm of vay versus j at 98 to 104 K. 
{D) Scaling of va in the current-induced case; logarithm of vr is plotted as a function of (fc —11°7-°?. The 
insets in (A) and (Q show the sum ofthe averaged errors as a function of (in scaling fits. 
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DW creep velocities, v (v*), with functional 
forms; In(y. a ~ bj and In(v*/v.*) > 

b*(jigH Y** with a (a*) and b (*) expressed as 
the power of the relative temperature (T~ — 7) for 
‘currentinduced and field-induced cases, respec- 
tively. Here, v, (v,*) is the velocity at the thresh- 
‘old drive. From the linearity over a few decades 
of vig of the scaling plots (Fig. 2, B and D), we 
conclude that the above scaling functions describe 
well the data. Curves in Fig. 2D do not collapse 
‘because of the relatively strong temperature de- 
pendence of a. The parameters are determined as 
= 0.33 0.06, b (To ~ TP? *", and p* 


Fig. 1. The topmost inset 
shows a schematic of the de- 
v vice, A Ssumewide (Ga,Mn)As 
channel with 2 perpendicular 

easy axis was patterned into 
two regions, | (20 nm) and It 
G0 im), to patter the coer 
Givity. Initially, a OW was 
prepared at the boundary 
between region | and i. 
Differential MOKE images 
Ainsets) before and after 
application of magnetic field 
cor current pulses were used to 
determine the effective OW 
displacement, dey, defined as 
the area divided by channel 
width, The white regions in 
the insets are those swept out 
by the DW. Two main panels 
P< show the dependence of dyy 
on the pulse width, ty, at 
ambient temperature T, = 
100K (A) Magnetic field 
hug = 42 mit and (B) current 
density = 13 x 10° Nem, 
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A defect 


Fig. 3. Schematic coarse-grain views of a single DW in a sample containing defects under the 
application of external field or current. The local direction of the magnetization is specified by the 
angles @ and ¢, as shown, (A) Real-space potential landscape with a field drive. The DW separates magnetic domains with the opposite magnetization, 
indicated by solid arrows. Dimples represent localized pinning defects. The dimension Zo, which advances in a thermal activation process is determined by 


dgmain wall 
Zz 


© configuration in 


._- the domain wall 


o 


balancing the elastic energy and Zeeman energy as described in the text. (B) The potential landscape with current drive depends upon the internal angle 0. 


In the presence of a current, only segments that advance the wall ¢ profile have 


thermal weight and, as illustrated in (B) the effective dimension 


of such a segment, in the coarse-grained profile (modulo x), is the 2» introduced in the text. In real space (inset), the DW advances because a finite dot is, 


‘equivalent to a local magnetic field. 


Table 1. Critical exponents from experiment and theory. 


‘The experimental values are determined by 


the least-square method and their error from the standard deviation. 


Field drive Current drive 
” o n e 

Experiment 12201 14202 033 + 0.06 20202 

Theory 10 1s os 125 


1240.1, b* & (Te-T)'4*", indicating thatthe 
cercep velocities are scaled with different expo- 
‘nents for current-induced and field-induced eases. 

‘To understand the origin of the different ex- 
‘ponents, we have studied the ereep motion based 
‘on ascaling theory. We first tat the field ease and. 
‘next develop the scaling law forthe current-driven 
‘ase inthe same framework. As shown in Fig. 3A, 
|we consider a single DW lying in a ferromagnetic 
‘wine (thickness d) containing random pinning 
sites, ina coordinate system with y along the wire 
(the hard axis) and = nomnal tothe film (the easy 
axis), Because pinning prevents a uniform DW 
displacement, when a field H (< He) is applied 
along the = axis, only a segment of the DW with 
dimension J is displaced. Here, randomfield 
disorder (19), with a length-scale shorter than the 
DW width, is assumed, The total free energy 
‘elated to this displacement is estimated by FU) = 
eof ~ eV. The first term with ey = 4UtsK,)'d 
denotes the elastic energy due to the partial wall 
‘extension with the spin exchange stiffness, and 
the uniaxial anisotropy energy density, K,- The 
second term with ey = MHfd represents the Zeeman 
‘energy gain ofthe shaded region with magnetiza- 
tion, M, in Fig. 3A, relative to the original contig- 
‘uration. As is commonly done in creep problems, 
‘we assume that the characteristic energy scale in 
the random-enerzy landscape is unique and hence 
that the barrier height, Uj, scales in the same 
‘manner as the total free energy (79). Thus, the 
tuming point of F(Z) with respect to AT deter- 
‘mines a characteristic length Jy~ e/2e, © HT. 
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This gives the longest elapsed time in the energy 
‘alley separated by Uj,and, imposing the Ambenius 
Jaw, a DW cep velocity, v~ exp(-Uy ha) with 
Uy ~ FUo), where hy is the Boltzmann constant 
This procedure leads to the scaling formula, 
In(v*/v.*) = a* ~ b*(ugH)* * with p* = 1. As- 
suming Me (Te ~ TP and As, Ky = M (18), 
we obtain a® (Te TY? and b* % (Te TY. 

‘The current-induced creep formula can be 
derived with the same steps as in the above 
treatment, Whereas the DW is uniformly driven 
by the current, the pinning centers locally modu- 
late 6, the angle of the DW plane relative to the 
-xe plane, fom a straight configuration at the 
bottom of the hard-axis anisotropy potential K 
sin’9 (Fig. 3B), where Kis due to the stray field. 
The situation contrasts with that in which the 
lobal rotation of © occurs due 10, eg, an ex- 
temal field. The modulation of @ along the DW 
lying in the direction gives rise wo a finite ex- 
change torque, fy © Asdo/@x* (20), which is 
absent in the rigid wall approximation (2/, 22) 
Competition of the f, with the spin transfer 
tongue, f = Ff, where P isthe spin polarization 
of the current, introduces a characteristic length 
in the @ landscape. The scaling of the char- 
acteristic Length is determined by the require- 


DW volume that passes over the bare mes the 
‘anisotropy barrier K (Fig. 3B), ic., U~KlaBud, 
where dy = n(Ag/K,)'~ is the width of the DW 
(16), The Arnis law dictates that. in(w/v.) = 


a bj* with pw» 1/2 with Po Mf (23) and ds, 
K © AF; ivthen follows that a (Ze ~ TY" 
and b 2 (Te = 1) 

In Table 1, we compare experimental results 
with the above scaling laws. In the magnetic 
field-induced case, 1* = 1.0, adopting the mean 
Ficld value of = 0.5 (experiment shows = 
0.49 + 0.03), we obtain a® &= (To ~ TP* with 
pe Land b* % (Te ~ TY" with oF = 15. The 
values of x* and o* are consistent with the ex- 
perimental results (}1*(exp) = 1.2 and o*(exp) = 
1.4], Thus, the results for magnetic field-induced 
DW creep are indeed compatible with random 
field disorder, rather than random-bond disor- 
der as observed for creep in metallic systems 
(/9, 24-28). The random fields most probably 
arise from the randomly distributed Mn moments, 
whereas random-bond disorder for metals is 
‘expected 10 originate from the surfice roughness 
(25), In the curent-induced case [u(exp) = 0.33 
and b &% (Te ~ 1)? with o(exp) = 2], and o 
agree within a factor of 1.6 with our theoretical 
‘expectation (1 = 0.5 and @ = 1.25). The theory 
also predicts that a & (To ~ 7)? with p= 1. The 
different scaling exponents jt and j* clearly indi 
cate tha the two cases belong to different univer: 
salty classes. The values for p and p* cannot be 
accurately determined from experiment alone be- 
‘cause of the uncertainty in v* and v,. However, 
the experimental results together with the theo- 
retical values (p and p* = 1) yield reasonable v.* 
and vg, in the range of 0.02 to 0.03 mvs, less than 
the highest experimental creep velocity. 

The DW velocities for subthreshold drive 
values of both the current density j and magnetic 
field H obey an Arhenius scaling law but with 
different exponents, These measurements on (Ga, 
Mn)As lead us to conclude there is no simple 
physical relation, and an absence of a linear math- 
‘ematical proportionality between these two forms 
of drive. In the context of the theory of creep in 
random media, we conclude that the two cases 
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comespond to diffrent universality classes and have 
developed a theory that explains this difference. 
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Signatures of Electron Fractionalization 
in Ultraquantum Bismuth 


‘Kamran Behnia,?* Luis Balicas,? Yakov Kopelevich® 


Because of the long Fermi wavelength of itinerant electrons, the quantum limit of elemental 
bismuth (unlike most metals) can be attained with a moderate magnetic field. The quantized orbits 
‘of electrons shrink with increasing magnetic field. Beyond the quantum limit, the circumference of 
these orbits becomes shorter than the Fermi wavelength. We studied transport coefficients of a 
single crystal of bismuth up to 33 tesla, which is deep in this ultraquantum limit. The Nernst 
coefficient presents three unexpected maxima that are concomitant with quasi-plateaus in the Hall 
coefficient. The results suggest that this bulk element may host an exotic quantum fluid 
‘reminiscent of the one associated with the fractional quantum Hall effect and raise the issue of 
electron fractionalization in a three-dimensionat metal. 


lectronic properties of bismuth have been 

‘extensively studied during the 20th century. 

‘As carly as 1928, Kapitza discovered that 
bbismuth’s resistivity increases by several orders 
‘of magnitude in the presence of a large magnetic 
field and that it shows no sign of saturation (1). 
‘Two years later, studies of bismuth led 10 the 
discovery of quantum: oscillations in both mag- 
netization (2) and resistivity (3). Bismuth was the 
first metal whose Fermi surface was experimen- 
tally identified (4). Commenting on the excep- 
tional role played by bismuth in the history of 
metal physics (5, 6), Falkovskii wrote in 1968, 
“Its easiest to observe in bismuth the phenome- 
‘a that are inherent in all metals” (7). 

‘An extremely small Fermi surface and 3 very 
long meanciree oth distinguish bismuth from 
other metals, The Fermi surface occupies 10°° of 
the Brillouin zone (5), an onder of magnitude 
lower than graphite, the clases rival and another 
celebrated semi-metal. The mean-fiee path at 
room temperature exceeds 2 yim (8), which is 
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almost two orders of magnitude longer than in 
copper. Because of the low carrier density, the 
‘quantum limit in bismuth can be reached by the 
application of a magnetic feld as small as 9 T 
along the trigonal axis. In this limit, electrons are 
all pushed 0 the lowest Landau level, and the 
magnetic length (the radius of the lowest-enenzy 
‘quantized isolated election ortit in a magnetic 
field) becomes shorter than the Femi wavelength. 
As recently noted (9), the quasidinear magncto- 
resistance of bismuth (/) in this limit does not fit 
into the quas-classical theory of electronic trans- 
Port. The last experimental investigation of high- 
ficld magnetoresistance in bismuth, in the 1980s, 
found no evidence of saturation up 10 45 T (/0) 
Notably, this was contemporancous with the dis- 
‘covery of fractional quantum Hall effect (FQHE) 
(11), Soon, the many-particle quantum theory suc- 
‘ceeded in providing an elegant solution to this 
‘unexpected experimental finding (/2). Today, the 
FQHE ground state is an established case of a 
‘quintum fluid whose elementary excitations are 
finctionally charged. Such a uid emerges in 
high-mebility two-dimensional 2D) electron sys- 
tems formed in semicanductor heterostructures in 
the presence of a magnetic field excesding the 
‘quantum Emit. In contrast with the integer quantum 
Hall efeet (IQHE), which can be explained in a 
‘one-particle picture, the occurence of FQHE im- 


plies strong intersction among electrons ancl their 
‘condensation to a many-body quantum state (13) 

Recently, we reported on the giant quantum 
‘oscillations of the Nemst coefficient in bismuth in 
the vicinity of the quanturn limit (/4), The Nemst 
signal (the transverse voltage produced by a lon- 
gitudinal thermal gradient) was found to peak 
markedly whenever a Landau level meats. the 
Femmi level, Otherwise, it is severely damped, This 
‘observation was in qualitative agreement with a 
thcortical prediction (/5) invoking a “quantum 
Namst effect” associated with the IQHE, Here, we 
‘present measurements resolving distinct peaks in 
the Nemst signal deep in the ultr-quantu limit 
Measurements of the Hall coefficient in the same 
fickl range reveal a series of quasi-plateaus extend 
ing over a window marked by fields at which the 
Nemst peaks occur. These findings raise the issue 
of the relevance of the FQHE physics in @ clean 
3D compensated semi-metal, They aggest that 
‘electron correlations in bismuth are stronger than 
‘what has been commonly assumed and that this 
‘elemental metal may host an exotic quantum fluid. 

‘The lower panel of Fig, 1 contains our pri- 
mary experimental observation: the detection of 
three peaks occurring at 133, 223, and 30.8 7 in 
the Nemst response (/6). These three peaks fol- 
Jow the rich structure found in the field depen- 
dence of the Nemst signal in the previous study 
limited to 12T(/4) and emerge well beyond the 
‘quantum limit 

‘The quantum limit in bismuth is set by the 
well-known topology of the Fermi surface in this 
‘compensated semi-metal (S, 17): An ellipsoid 
associated with hole-like carriers around the 
‘F-point of the Brillouin zone and elongated along 
the trigonal axis and three cigar-like slightly tilted 
electron ellipsoids along the L points. The crass- 


section of the hole ellipsoid cular to the 
trigonal axis is A" = 0.0608 nm ~. Foreach of the 
three electron ellipsoids, the comesponding area is 


4 = 0.0836 n= (/7) (Fig. 1A), These numbers 
set the quantum limit, which i atained by a mag- 
netic field equal to By. ™ (A/2n\hie), where is 
the reduced Planck constant and eis the change of 
electron, which is 6.4 T for holes and 8.6 T for 
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electrons. Whan B= Bu, the condition ie“ ~2ely 
is realized: The circumference of the quantized 
clectronie orbit hocomes equal to the Fermi wave- 
length, Here, Ais the Fermi wavelength of the 
clectrons tavding perpendicular tothe field, and 
y= 1A} the magnetic length. na 2D system, 
this comesponds to a Landau-level filing factor of 
tunity, Ina 3D system, there is an infinite de- 
‘generacy along the z axis, Nevertheless, analogous 
{othe 2D case and in the absence of an established 
terminology, we use the expression “filling ctor” 
for the ratio v= Cnlyfas*P- 

“The Fermi surface cross-sections comespond 
to the low-field response of the system, hov- 
ver, Strong magnetic field is known to modify 
the two Fermi surfaces in order to maintain 
charge neutrality (18, 19). This feature together 
with Zeeman sping leads to a slight enhance 
‘ment ofthe quantum limit. Hocus at 89 T, and 
is marked by the most notable peak in the Nemst 
signal (S,) All previous studies (/0, 18-20) 
converge in detecting a dp in sisvity at 885 + 
0.25 T (4SD) and identifying it as the one eoe- 
responding to the frst Landau level [supporting 
online material (SOM) text). 

Bismuth is host to surface states quite dis- 
Linct from the bulk semi-metal and with a much 
hhigher carrier density (2/), [tis very unlikely that 
their existence is relevant to our observations. The 
metallic state resolved by photoemission on the 
111 surface (normal to the trigonal) has & Fem 


‘| 


18 24 «30 


12 
BK 


Fig. 1. (A) Cross section of the holetike (center) 
and electron-like ellipsoid Fermi surfaces for afield 
applied along the trigonal axes. (B) The field 
dependence of the Nemst signal at different 
temperatures. The three peaks resolved in the 
ultraquantum limit are indicated by arrows. 


21 SEPTEMBER 2007 VOL317 SCIENCE 


surface whose radius is on the order of 0.5 to 3 ant" 
(22) and the expected quantum oscilltions would 
havea frequency range of 100 to 1000 T. 
Therefore, we conclude that the three peaks 
wwe observed emerge in the ultraguantum limit. 
Given the distance between the four distinct or- 
bits in the reciprocal space, magnetic breakdown 
is an unlikely explanation. Moreover, the peaks 
resolved here do not display a B”' periodicity. 
Figure 2 presents the high-field data as a func- 
tion of B-'. The peaks are situated at rational 
factions (2/3, 2/5, and 27) of the first integer 
peak. The low-field data are presented in Fig. 2B. 
‘As seen in Fig. 2C, their 8 positions are cose to 
thase of the dips resolved in resistivity (at temper- 


aT 8 
A 


‘ature 7=25 mK and for B<18T) (19). in addition 
1 these peaks [already identified in the previous 
report (/4)], there are two unidentified peaks be- 
tween v= I and v~2 anomalies and ane between 
the v=2 and v ~3. Assuming that is constant 
‘between two successive integer peaks, these peaks 
ovour close toy = 43, y= 53, and v = 5/2, Figure 
2C summarizes the position of all Nemst peaks 
(beth integer and factional) and resistivity dips. 
‘The upward curvature was previously reported and 
attributed to the fieldsnduced modification of the 
carrier density (19). This feature would imply a 
field-induced change in i. Therefor, the values of 
¥ for fractional peaks, which ar extracted by 
linearly extrapolating the postion of adjacent in- 


S,(mVIK) 


0.0 


0s 1.0 
BY’) 


23 4 5 
Filling factor 


Fig. 2. (A) The high-field Nemst plotted as a function of B~*. Dotted lines represent B pig = (p/q) x 
0.1118 T. Note the position of the three peaks respective to these fines. The inset shows the thermal 
broadening of the peak at highest field. (B) Quantum oscillations observed in the low-field data (74). 
Identified peaks correspond to integer filling factors of the hole pocket. As seen in the inset, the B 
positions of two previously unidentified peaks are very clase to 4/3 and 5/3 filling factor. ( The B* 
position of the Nernst (74) and resistivity (19) anomalies versus the filling factor associated with them. 
Open and closed circles represent integer and functional filing factors, respectively. 
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teger peaks are subject 10 caution However, as 
there is no visible phase transition and the change in 
2r-is continuous the extracted values of v are not 
expected to difler much from the effective ones. 

We also performed low-resolution measure- 
‘ments of resistivity and the Hall coefficient on 
four sample at 0.44 K. In agreement with the 
previous high-field study (10), resistivity does 
‘not show any strong feature beyond the quantum 
limit (fig. SI). The Hall response, p.. Fig. 3) is 
strongly nonlinear for fields exceeding 3 T. Above 
this field, a rich sinicture including a shamp peak at 
9.8 Tis resolved, AL stil higher felds—i. in the 
‘ultraquantum limit-—a succession of fist and slow 
regimes in the fied-dependence of pis visible. 
‘Comparing the relative position of these quasi- 
plateaus and the Nemst peaks clearly shows that 
‘each Nemst peak occurs between two suecessive 
Hall plateaus in agreement with the dheoretcal 
prediction invoking IQHE (15). 

Blow 37, te shge of py ste eu a 
number yg 1.5 % 10° toa 
carrer density of 3.9 « 10" em ‘only 30% lager 
than the hole caer density. Inthe high-field e- 
gime, py is 0.129 chnvem at v = 172 and 0.158 
‘ohmem at v= 1/3. Therefore, when the filing 
factor passes from 1/2 10 1/3, py jumps by 02029 
‘ohnmem. Let us recall tha, in a 2D electron gas in 
the FQHE, the magnitude of p””., at filling fac~ 
tor v would be //(ve") and the passage from the 
¥= 12.10 1/3 placa would lead a jump of 
‘We’ = 258 kilosobms in p°”.y. Because in our 3D 
system, the jumpin py is 11-2 nm times hie itis 
tempting to consider ‘the bulk crystl as an as 
sembly of coherent 2D sheets each 11.2 nm thick. 
‘This length scale is very close to 2! ~ 14 nm, the 
Femi wavelength of holes along the trigonal axis 
sand the magnetic field and much longer than the 
atomic distance between layers (~02 nm). 

‘These observations raise the issue of relevance 
‘of FQHE physics to bulk bismuth. The former is 
found in the context of high mobiliy, 2D and 
interacting electronic systems. To what extent do 
electrons in bismuth quality for these atributes? 
‘The electronic mobility is undoubtedly large 
‘enough. In our crystal, it exceeds—by two orders 
‘of magnitude--the mobility ofthe GaAs/AIGaAs 


sample in which the FQHE was discovered in 
1982 (11) (SOM text). is uve that bismuth is not 
‘commonly considered as a strongly interacting 
electron system. However, the very low kevel of 
carrier density undemines screening and favors 
Coulomb repulsion. Given that electrons in bismuth 
and in GaAs are comparable in their concentration 
and in their efective mass, it reasonable to as 
sume that Coulomb interaction is sufficiently strong 
‘wallow electron fractionalization. 

‘The most serious obstacle for the realization 
of FQHE physics in bulk bismuth is dimension- 
ality. IQHE (also a purely 2D effect) has already 
been observed in an anisotropic 3D electron gas 
(23) as well as a number of bulk systems (SOM 
text), and 3D FQHE has been a topic of theoret- 
ical investigation (24). Bismuth, with its weak 
anisotropy, was recently proposed as a candidate 
to exhibit the quantum spin Hall effect (25). 
However, according to our preliminary studies, 
in the vicinity of the quantum limit, the in-plane 
conductivity in bismuth is orders of magnitude 
lower than the perpendicular conductivity along 
the field axis. Instead of being an assembly of 
weakly coupled 2D sheets perpendicular to the 
field, the system is closer to a set of 1D wires 
‘oriented along the field (26). To the best of our 
knowledge, there is no appropriate theoretical 
frame for in-plane transport in such a context. 
‘Thus, bismuth in the ultraquantum limit emerges 
4 an experimental playground for two distinet 
routes toward the dectron fractionalization, the 
FQHE and the ficld-induced Luttinger liquid (26) 

Several other questions remain. What hap- 
pens to the electron-like carriers? For this field 
‘orientation, the three electron cllipsoids have 
been invisible in all studies of quantum oscil- 
lations. The complex stricture of p..(B) for B < 
14 T suggests competing responses of electrons 
and holes. However, in the ultraquantum limit, 
there is no definite signature of their presence in 
spite ofthe lager total area occupied by the three 
clectron ellipsoids. This may bea consequence of | 
their lower mobility. The absence of strong, fea- 
tures in the raw p,,(B) data are also noteworthy. 
In 2D systems, the quantum Hall plateaus ane 
associated with absence of dissipation and vanish- 


Fig. 3. The field de- on 


pendence of the Hall 
resistivity. A complicated 
behavior in the inter- 


‘mediate field range pre- 
cedes quasiplateaus in 
the ultraquantum mit. 
The Nernst response at 
(0.83 K & abo shown. The 
‘quantum limit is marked 
by a thick red fine, Two 
ted dotted lines mark the 
value of the filing factor. 
Al other lines are guides 
to the eye. au, arbitrary 
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ing longitudinal conductivity. In bulk systems 
showing IQHE, plateaus in px are concomitant 
With minima inp... Extensive high-resolution 
studies of resistivity at lower temperatures an clean 
ce samples may help to identify the source of re- 
sitive dissipation at high fields. The 80-year-old 
mystery of magnetoresistance in bismuth (/, 9) 
‘nceds ffesh experimental and theoretical attention, 
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Free-Solution, Label-Free 
Molecular Interactions Studied by 
Back-Scattering Interferometry 


Darryl J. Bornhop,™* Joey C. Latham,” Amanda Kussrow,* Dmitry A. Markov,” 
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Richard D. Jones,’ Henrik S. Sorensen* 


Free-solution, label-free molecular interactions were investigated with back-scatterin 


interferometry in a simple optical train composed of a helium-neon laser, a microfluidic channel, 
and a position sensor. Molecular binding interactions between proteins, ions and protein, and 
small molecules and protein, were determined with high dynamic range dissociation constants (Ky 
spanning six decades) and unmatched sensitivity (picomolar Ky’s and detection limits of 10,000s of 
molecules). With this technique, equilibrium dissociation constants were quantified for protein A 
and immunoglobulin G, interleukin-2 with its monoclonal antibody, and calmodulin with calcium 
ion Ca*, a small motecule inhibitor, the protein calcineurin, and the N13 peptide. The high 


f back-scattering interferometry and small volumes of microfluidics allowed the entire 


‘calmodulin assay to be performed with 200 picomoles of solute. 


easurement of the rate and affinity 
Mectverssi interactions, such as 

protein-protein binding or binding of 
small molecules, not only provides insight into 
basic cellular function but also can facilitate the 
development of therapeutics and serve as the 
basis for many diagnostic techniques. For mea- 
surements at very low concentrations, detection of 
molecules often requires labeling (such as fluores- 
‘cent tags), but lnbel-tree studies ean be perfomied 
intwo main ways, Calorimetric methods, such as 
isothermal titration calorimetry (ITC) (7-3), ane 
performed with all components in solution and 
hhave found relatively widespread acceptance. How- 
ever, these methods have very low throughput, 
large sample volumes (milliliters), and 
‘have low sensitivity (Table 1) (in the worst ease, 
there is no sensitivity if the reaction enthalpy is 
near zero). The enthalpic array (4) has been 
used as a high-throughput embodiment of the 
microcalorimeter and can be used to perform 
homogeneous, label-free molecular interaction 
‘measurements with just $00 nl of sample. Yet the 
‘method suffers from poor concentration detection 
limits (~5 * 10° M) (Table 1) restricting the 
range of measurable binding affinities. 

‘A larger group of related methods relies on 
immobilizing one of the binding partners to a 
surface. Several methods, including diffraction, 
inerferemetry, wave guiding and plasmon sensing, 
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nanowire sensing (5), and microcantilever sensing 
(6), can then be used to detect changes in the sur- 
face layer. Although these surface methods are 
‘much more sensitive than calorimetry (for typical 
Proteins of interest, detection limits for dissocia- 
tion constant measurements are | to 100 pM ver- 
sus | to 10 nM), surface immobilization of binding 
Partners can raise several issues. The molecule’s 
binding site may be near the surface (7) and may 
induce steric hindrances that could influence the 
binding energetics and/or kinetics. Surface prepa- 
ration can be laborious, time-consuming, expen 
sive to implement, and incompatible with some 
‘muterals, and the surface layers often exhibit de~ 
creased activity over time (8). Finally, it is not 
possible to study unknown binding partners or 
binding partners that are not isolated in quantities 
sufficient for modification so that they can be 
bound to surfaces. 

‘We now show that back-scattering interferon 
etry (BSI), which we have previously used with 
surface immobilization methods (9,10), can now 
be used to measure a wide dynamic range (Ky 
spanning six decades) of molecular interactions 
in free solution. t provides high sensitivity (pico- 
molar K's and detection limits of tens of thou- 
sands of molecules), either through kinetic or 
end-point analysis of concentration-dependent 
binding data. Compatibility with microfuidies 
gives BSI the added advantage that either assay 
format can be done on small sample quanti 
allowing the study of molecules that require labor- 
intensive synthesis or are prepared by tedious mu- 
tation oF isolation methods. 


Interferometry is one of the most sensitive op- 
tical interrogation methods known and has been 
used to sereen molecular interactions in surface 
‘binding modes. Examples include on-chip em- 
bodiments ofa Mach-Zehnder (1-14) and Young 
Interferometer (/5), dual polarization interferom- 
‘eter (16), porous Si (/7) and nanoporous Al (18) 
sensors, dffiaction optics technology (79), and the 
biological compact disk (BioCD) (20, 2/), as well 
as BSI(9, 10, 22). The Mach-Zehnder and Young 
‘dual polarization interferometers use wave guiding 
to monitor binding with surface interaction sens- 
ing, which requires relatively long sections of the 
‘chanel to be coated with the target and large sam- 
ple volumes to be introduced to facilitate micro- 
molar to nanomolar detection limits, The BioCD 
{is based on a disk that as a mirrored surface upon 
\hich periodic pattems of proteins can be bound, 
providing a periodic reflectance pattem that is 
‘phase modulated, changing in proportion to the 
surface bound mass. Porous Si and Al sensors de- 
pend on spectral fringe shifts and are limited to 
‘monitoring interactions near the surface where the 
target is attached, We recently demonstrated that 
BSI, implemented with a fast Fourier transform 
(FFT) fringe pattem interrogation approach, could 
be performed in poly(dimethylsiloxane) (PDMS) 
chips with rectangular channels. This system en- 
abled substrat-immobilized, reversible, label-free 
molecular interactions on-chip (9, 10). A three base 
pair mismatch was quantified, and the interaction 
between protein A and immunoglobulin G (IgG) 
\was monitored at the attomole level (/0). BSI 
(Fig. 1) has been effectively performed with eyline 
ical objects such as fused silica capillaries (22), 
semicircular shaped channels formed from iso- 
tropic etching of fused silica (23, 24), and recent- 
ly with rectangular channels (9, 10). The latter 
shape was inspired by the simplicity of micro- 
fluidic chip production using PDMS (25), 

Although its well established that changes in 
refractive index (RI) at surfaces can be used to 
study molecular interactions (9, 10, 26, 27), some 
studies (.g.. 28) suggest that molecular interac 
tions can be quantified in free solution by using an 
intrinsic signal other than temperature, as in TTC. 
Sota etal. (28) used molar ellipticity of the sam- 
pple molecule in combination with surface plas- 
‘mon resonance (SPR), also an RI detector, to show 
«relation between surface and bulk signals, The 
‘underlying implication of their observations may 
bbe that an RI detector could be used to measure 
binding events in free solution. They show that 
SPR is sensitive to protein conformational changes 
‘and waters of hydration, but they also described 
their results as “counterintuitive.” Other studies 


Table 1. A comparison of free-solution, label-free molecular interaction techniques. 


‘Minimum sample 


Technique ‘alone Detection limits 
Microcal ITC G) 13 mL 1.0 x 10° M (1.3 nmol) 
Enthalpy arrays (4) 500 nt 5.0 x 10°° Mt (25 pmol) 
BSI 350 pl. 857 x 10" M (30 zmol) 
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have shown that it is possible to measure the 
intrinsic properties of a solute, such as the mo- 
lecular dipole or polarizability. Etkashet (29) 
‘used a dual-wavelength interferometer to mea- 
sure structural properties of laser dye solvents 
(29) and Maroulis et al. (30) used RI measure- 
‘ments to study dipole, dipole-quadrupole, and 
dipole-octopole polarizability of adamantane (30). 
Given these findings, we suspected that structural 
‘modifications, as in ion-induced protein folding, 
protein-protein interactions, and small molecule- 
protein binding events, must be measurable using 
Rl techniques, We now show that BSI can be im 


POMS Chip 
with channet 


Fig. 2. (A) Experimental setup for BSI. 


plemented in free-solution and can detect a25 pM 
binding event using a simple optical train based 
‘on a PDMS microfluidic chip. 

Modeling of the physical mechanism behind 
the BSI optical phenomenon (23, 31-33) indicates 
that a multipass configuration leads to a long ef- 
fective path-length and high sensitivity. Impinging 
‘coherent parallel rays from a fiber-coupled He-Ne 
laser beam onto a micrometer-dimensioned rect- 
angular channe! in the PDMS chip produces a fan 
of scattered light. It contains a set of very high 
contrast interference fringes (Fig. 1A) and results 
from this beam-channe!-fuid interaction. As the 


(B) Microfluidic chip with serpentine mixer and restriction. 


(C) Photograph of representative fringe patterns showing a Ri-induced position shift of the fringes, 
a representation of a binding event, and observed signal for a control and reactive pair binding event. 


Fig. 2. (A) Realtime aso- 
ciation plots are shown for Pq 
binding IgG at various nano- 
‘molar concentrations. In the = 4. 
stop-flow interaction experi- 


iments, a fixed concentration = = 00 
of 25 nM a was used, and 07 
sequential experiments with 


increasingly larger concentra~ 
tions of the Fc region from IgG 

(ie, from 10 to 40 nN) were 
performed. P, was buffered 

at a pH = 7.2 with 15 mM 
NasHPO, 50 mM NaCl 0.1 mit 

EGTA, and 0.02% sodium B 
azide, All IgG solutions were 

‘made using the same buffer as 

Py Thetemperatueofthesohr- 
tions and microfluidic chip 

were held constant at 25°C + 
(0.01°C throughout the exper- s_& 
‘iment. (B) Extracted rates are 
plotted versus IgG concentra- 


yrooame 
Waco 


+ 90013, 


=e om 
Concentration of x6 Ml) 
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tion, (C) End-point values are plotted as a function of IgG concentration and analyzed by Prism software. 
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‘composition or RI ofthe medium contained with- 
inthe channe! changes, these fringes shift spatial- 
ly (Fig. 1C). The transducer design (/0) uses a 
high-resolution linear charge-coupled device and 
an FFT, which gives a readout in near-real time of 
the phase fora particular fringe frequency. Spatial 
phase detection methods allow us to measure RI 
‘change to greater than one part per million in pico- 
liter volumes of solution, 

The chip contains a sespentine and a squeeze 
for rapid mixing (Fig. 1B). We adopted a modi- 
fied “stop-flow” methodology (34), configured 
With two sample reservoirs, both connected to 
‘equal-length channels that converge into a single 
‘channe! with a serpentine mixer made from a se- 
ries of connected C shapes followed by a estic- 
tion (Fig. 1B). This simple microfluidic network, 
which allows for sample introduction and rapid 
mixing of the two interacting species, was fibri- 
cated using standard photolithography and rep- 
lica molding techniques (25, 35, 36). It has a 50 
jum by 70 um rectangular channel that, when ine 
terrogated by the 100 jim diameter He-Ne laser 
beam, yields an optical probe volume of ~350 pL. 
Stop-flow detemminations (37) and a simple 
netic model allow us to estimate dissociation con- 
stants A, for an array of binding pairs, which are 
‘comparable to end-point determinations, A con- 
servative estimate of the quantifiable signal over 
background for the antibody-antigen interaction 
studied here [intericukin-2 (IL-2) with its antibody, 
and applying a 0.3 s electronic filter for data 
smoothing} demonstrates that there are just 21 
zeptomoles of IL-2 oF 12,600 molecules and 0.6 
fatiomoles of the antibody within the probe 
volume, Our calmodulin (CaM) results show that 
‘a species with nanomolar affinity can be assayed 
\ith just nanograms (picomoles) to micrograms 
(nanomoles) of protein or small molecule, which 
represents the use of one-thousandth the number 
‘of species required by ITC. 

Because BSI is a highly sensitive RI detoc- 
tor, its possible thatthe source of our observed 
signal was a temperature-induced RI change. 
However, the signals we measured changed dur- 
ing the course of reaction and then leveled off 
and remained constant after equilibrium had been 
reached, Thus, the signals must arise through a 
permanent change in the Rl, because the heat 
sink would have quickly removed the reaction- 
‘gencrated heat from the chip and fluid and then 
retumed the signal to the original value. A caleu- 
lation presented in the supporting information (38) 
illustrates that even under the best-case scenario 
(ie, the highest concentration of binding pairs), 
the temperature change resulting from the re- 
action in aqueous media would not produce a 
‘detectable signal in BSI. Even if the reaction pro- 
duced a temperature change 10 times as high (re- 
sulting in a ARI = 10°), our current detection 
limit of about ARI = 10°° would not facilitate 
registration of the event. 

Having ruled out thermal RI changes as a 
signal source, we still mustaccount for the source 
‘of the binding signal in BSI. We note that binding 
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creates a new entity in solution that may have a 
very different refractive index (RI) or molecular 
dipole from that of either of the reacting analytes. 
‘Weare not measuring the combined RI or sample 
‘mixing (ig. $7) (38) because there is virtually no 
‘measurable “binding event” signal produced by 
the controls, The effect of waters of hydration on 
the intrinsic dipole of a forming complex or fold- 
ing protein are underestimated and could be a 
‘major contributing factor in BSI. For example, 
during Ca**-induced folding of CaM, many wa- 
ter molecules (>35/CaM molecule) are ejected 
from the compound (39), Such an event most 
certainly produces substantial electrostatic effects 
leading to highly modified molecular dipole rel- 
ative to that of the unfolded compound. 

‘We now describe our results for several typi- 
cal binding experiments, Protein A (P,) binds the 


Fe region of several IgG species, including hu- 
‘man and rabbit, with high affinity (K values from 
5 tw 34.5 nM) (40, 41). The association reaction 
‘was monitored in real time during an interval of 
~60 s. As expected, the “shape” of the binding 
‘curves changed and more rapidly reached the equi- 
librium point at higher concentrations of the ant- 
body (IgG) at fixed concentration of the substrate 
(receptor). 

“The apparent binding affinity can be extracted 
from the data using a simple model that assumes 
first-onder kinetics or single-mode binding (38) 
and plotting the observed rate (kj) versus the 
‘concentration of IgG (Fig. 2B), Least-squares anal- 
ysis of the line generated by this method from the 
ikinctics obtained from BSI yields Kg for Pa-leG 
of 7.92 nM (41.71). Altematively, a plot of the 
end-point values of phase for the reaction be- 


Table 2. The binding affinities determined by 8S! compared with reported values. 


Ke 
Binding partners Bst Reported ag re 
Kinetic Endpoint 
CaM-Ca? 3.40 uM 18.23 uM 1-10 uM Equilibrium and flow 
dialysis (43) 
CaN-TFP 4.73 uM 7.82 M—4.5~-5.8 pM Affinity chromatography (44) 
Can-CaN 15.64 nM 11.39 0M Radioisotope (46, 47) and 
affinity chromatography (45) 
CoM-13- 89 0h 9.87 0M ‘SPR (48) 
PrlgG 7.92 0M 6.05 nM ‘Acoustic waveguide (41) and 
others (40) 
We2-Ab 25,91 pM Radioisotope (52) 
Fig. 3. Association curves A Calcium 


‘of CaM with (A) Ca”* using 
constant buffered con 
centration of 5 jiM CaM 
and Ca?* concentrations 
from 22.5 to 100 iM. All 
CaM solutions used con 
tained a small amount of 
EGTA to chelate any free 
Ca®*, AS uM CaM solution 
and a 100 iM Ca"* solu 
tion, both containing ex- 
255 EGTA (ie,, 400 uM), 
served as the control. (B) 
TFP using a constant con- 
certration of 2 4M acti 
vated CaM. TFP solutions 
were made in the same 
buffer and held at the 
same pH as CaM. A 2 uM 
solution of CaM and a 25 
UM solution of TEP, both in 
the absence of Caé*, were 
mised to serve as a con- 
tral. (C) Cakcineurin using 
{constant concentration 
‘of 10 nM activated CaM 
anda control of 10 nt so- 
lution of Cat and a 100 nat 


‘tween P, and IgG as a function of the concen- 
tration of IgG can be used asa second method to 
‘evaluate binding affinity ofthe complex. This plot 
(Fig. 2C) exhibits the expected hyperbolic shape 
‘often seen in enzyme kinetic studies and de- 
scribed by the law of mass action. Analysis of the 
‘end point yields a Ky value of 6.05 nM (40.52), 
which correlates well with the results obtained 
from the kinetic analysis and with reported values 
(4D). The quasi leveling-off observed at higher 
concentrations of the ligand in the end-point 
assay is attributed to a bulk RI signal, whi 
‘becomes increasingly significant at higher con- 
centrations of the ligand, IgG. Although this 
background signal is always present in the BSL 
experiment, we have studied its magnitude and 
have determined that the contribution is small 
‘compared with that ofthe binding event (3 t0 5%, 
depending on the concentration and RI of 
reacting species), 

‘The control shown in Fig, 2A illustrates the 
‘result formixing the 2.5-nM solution of P, with a 
40-11M solution of the Fas fragment of IgG (rath- 
cr than the Fe-region) and shows that combining 
4 high concentration of the noncomplementary 
receptor with the target results in & nominal re= 
sponse by BSI. The control shows <1.6% of the 
signal observed at equivalent P, and IgG Fe con- 
‘centrations and exhibits decidedly different kinet- 
ics. Although a bulk property change is expected 
and observed, the magnitude of this contribution 
is small 

‘The interaction assays by BSI benefit from the 
inherent advantages afforded by microfluidies, as 
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solution of Calcineurin, both in the absence of Ca**. (D) M13 using a concentration of activated CaMkept constant at 5 nN. AS nM solution of CaM and a 50 nM 
solution of M13, both devoid of CaMt activating Ca** served as the control. 
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‘was also the case for entire syntheses performed 
‘on-chip (42). The macro-micro interface is less 
‘than optimal for our system, yet it was possible to 
perform the entire Px-lG binding assays with 
only 105» 10° g(2.5 pmol) of P, and just 287 « 
10° g (5.75 pmol) of the Fe fragment of IgG. 
Under the best-case scenario, a comparable deter- 
‘mination by ITC would require 300 to 1000 times 
as much mass (~ 300 jg) of each ofthe reactants. 

We chose CaM, the ubiquitous calcium- 
binding protein that ean bind to and regulate a 
‘multitude of different protein targets, to further 
demonstrate the utility of BSI. Upon binding to 
Ca®*, CaM undergoes a conformational change 
thought to induce activity. Once activatad by Ca, 
‘CaM binds, among other targets, the protein cal- 
cincurin, a skeletal musele myosin peptide, and 
small inhibitor molecules. Ligands ranging in 
size from ions such as Ca** to 77 kD proteins 
‘and spanning three decades in Ki (from a few 
micomolar to tens of nanomolar) provide an 
array of ligand-substrate interactions to evaluate 
BSI methodology. We quantified () CaM-Ca°* 
imteractions, (i interactions between CaM and the 
small-molecule inhibitor wiluoperazine diydro- 
chloride (TFP), (ii) CaM-caleineurin binding, 
and (iv) reactions of CaM with MI3, a peptide 
from the sequence of skeletal muscle myosin 
light chain kinase (sk-MLCK), a known target of 
the Ca®*-activated CaM complex. In all of these 
‘experiments performed at 25°C, the CaM sol- 
tutions were buflened. For the latter three studies, 
‘CaM was activated with Ca?*, and unactivated 
‘CaM, in the absence of Ca*, served as a control 
‘The values reported previously and those we 
hhave measured are summarized in Table 2. 

The reported Ky values for CaM-Ca* range 
from 1 «9 10 uM (43), The control showed < 3% 
change in signal above that observed in the ab- 
sence of excess EGTA at equivalent CaM and 
Ca** concentrations (Fig, 3A). Kinetic analysis 
‘with a single exponential gives rise to a plot of 
observed rates versus Ca* concentration that is 
linear (38). A linear least-squares analysis of the 
data gives the slope, the intercept, and their re 
spective uncertainties, From this analysis, Ky was 
determined to be 340 wM (+2.86). Analysis of 
the ploto the end-point values monitored by BSI 
‘versus the concentration of Ca" yields a Ky 
value of 18.23 M (41.43), which is above the 
‘ange previously reported. The disparity in these 


Fig. 4. 1L-2-Ab binding curves with 
interaction assay performed in cell- 
free media. The IL-Ab concentration 
was held constant at 2 nll. Both the 
12 and IL-Ab solutions were made 
sing RPMI 1640 cell media with 1% 
fetal bovine serum and 10 jgimt 
Gpro. A blank [0 M of both IL-2 and 
ILAb, (back), as well as two controls 
[0 pM IL-2 reacted with 2 ntl IL-Ab 
(Que); 100 pM 1L-2 mixed on chip 
with O nd L-Ab (red] were evaluated. 
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two values may arise fiom the use of an overly 
simplistic model of the reaction kinetics (for exam 
ple, Ca** is known to bind more than one CaM 
site) and/or from the RI background present from 
unreacted ligand, particularly at high concentra- 
tions. Even four-site binding models provide ques- 
tionable fits of kinetic data for this system (43). 

The interaction between CaM and TEP was 
previously examined with affinity chromatogra- 
phy (#4), This method required 30 ug per sample, 
with each sample analysis requiring 300 yi. In 
these chromatography studies, dissociation con- 
stants or affinities ranged from 4.5 to 5.8 uM. At 
equivalent CaM and TFP concentrations, the con- 
trol showed <4% of the signal observed when Ca™* 
was present (Fig. 3B). Kinetic analysis produces 
4 linear relation between the observed rates over 
the concentration range of TFP used (38), and 
from the least-squares analysis, Ky was deter- 
mined to be 4.73 uM (40.48) for the CaM-TFP 
‘complex, which is within the range obtained by 
affinity chromatography (44). A plot of the BSI 
signal values at end-point versus TFP concentra 
tion was constructed and gave a Ky of 7.82 yM 
091), 

Calcincurin is protein phosphatase and the 
major CaM binding protein in the brain (45). The 
pair has been studied previously using both af- 
finity chromatography and radioligand binding 
(45-47), with reported K,'s between 4 and 160M. 
‘The unactivated contmo showed <1.5% of the sig- 
nal observed at the equivalent CaM and calci- 
neurin concentrations in the presence of Ca?” 
Fig. 3C). Kinetic analysis yields linear relation 
between the observed rates and calcineurin con- 
centration (38). The slope and intercept from a 
least-squares analysis yields a Ky of 15.64 nM 
(43.24), again within the range of reported valves 
from affinity chromatography and radioligand 
binding (45-47). End-point analysis yielded a 
hyperbolic relation (38) and a Ky of 11.39 nM 
(4082), 

M13, a peptide from sk-MLCK, is also a 
‘known target ofthe Ca?-setivated CaM complex 
tnd has been shown by SPR to bind with high 
affinity (Ky = 1.9 t0 SS nM) (48). A range of 
‘concentrations of M13 were reacted with CaM se- 
‘quentially, and time-dependent association events, 
‘were detected by interferometry (Fig. 3D). A con- 
trol showed <2.6% of the signal observed when 
Car was present. A linear relation between the 


[IL-Ab] =: 
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‘observed rates andthe ligand concentration (M13) 
‘enabled the calculation of K's For the CaM-M13 
pair, this value was 2.89 nM (40.74), which com 
pares well with the SPR values (48). Analysis 
with the end-point CaM-M13 signal values ver- 
sus concentration yields a Ky value of 9.87 nM 
(21.12) (38), The likely causes for the disparity 
between the end-point and kinetic affinity values 
‘are that this interaction produces less signal, re 
‘quiring the assay to be done near the noise floor, 
and a relatively langer noninteraction RI change 
‘at higher concentrations of ligand. 

Kinetic parameters can also be derived from 
BSI. For example, the interaction of CaM with 
MI3 showed high consistency with stopped-flow 
kinetics performed previously (49), The associa 
tion rate determined by BSI was 3.1 * 10 M"'s"*, 
‘compared with 3:9 * 10” M's as determined by 
‘Tok (49). Homogencous assays based on calo~ 
‘imetry are problematic for very low and very high 
binding affinities. To effectively evaluate the in- 
teraction between pairs with picomolar binding 
affinities, iis desirable to perform the determina- 
tion at subnanomolar concentrations, which i of 
ten not possible with TTC but is well within the 
range possible with BSI. To demonstrate this cape 
bility, we measured the interaction between IL-2 
and a monoclonal antibody in butler (38) and in 
celle media (Fig, 4), Activated T cells secrete 
IL-2 (50, $1), which, among its other roles, is re= 
sponsible forthe proliferation of antigen-specific 
cells, as well as promoting the proliferation ancl 
differentiation of other immune cells. IL-2 and its 
antibody (IL-Ab) have been shown to bind with 
high affinity, with reported Kg values ranging from 
10 10.60 pM (2). BSI was used to monitor real- 
time interactions TL-Ab with IL-2 in free solution 
and in cell media. The slight, nearly identical RI 
change observed for the blank and two controls 
\was attributed to the mixing of the media. The 
kinetic analysis, as described above for the CaM 
‘and Pa- IgG pairs, yields a linear plot (38), From 
the analysis, a Ky of 25,91 pM (45.24 pM) was 
«determined, which falls within the published range 
of 10 t0 60 pM (52). 

Although additional work is required to come 
pletely understand the intricacies of free-solution 
interaction determinations by BSI, the observa- 
tions presented here demonstrate that such mea- 
‘surements can be performed label-free with high 
sensitivity over asix-decade dynamic range for 
K, determinations with values as low as 4M 
‘and as high as tens of pM. For example, using an 
‘unoptimiized microfluidic network, the entire CaM 
‘study required the consumption of only about 200 
picomotes or 3 Hg CaM, To perform a similar 
analysis with ITC would have required about 250, 
times as much solute, or about 0.8 mg. The lower 
‘concentrations used in BSI may avoid errors re 
sulting from solute aggregation. We note that all 
‘ofthe data presented were obtained using single 
channel system and, excluding the IL-2 results, 
with no active or passive signal filtering. It should 
also be possible to use this method to look for 
the presence of unknown binding partners, such 
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as from cellular extracts, to a target of known 
concentration. 
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Asymmetric Catalysis of the 
Transannular Diels-Alder Reaction 


Emily P, Balskus and Eric N. Jacobsen” 


Transannular chemical reactions are unparalleled in their ability to generate high degrees of 
stereochemical and architectural complexity in a single transformation. However, the successful 
pplication of this approach in synthesis depends on the ability to predict and control the outcome of 
the transannular reaction. Use of a chiral catalyst in this context represents an attractive, yet unused, 
strategy. This report describes a catalytic, asymmetric transannnular Diels-Alder (TADA) reaction that 
affords polycyclic products in high enantiomeric excess. This catalyst system can also alter the inherent 
diastereoselectvity of cyclizations with substrates containing chiral centers. Additionally, the catalytic 
‘enantioselective TADA has been used as the key step in a total synthesis of the sesquiterpene 
11,22-diacetoxydrimane; this route may provide a general approach to the polycyctic carbon framework 


shared by many terpene natural products, 


molecules has captured the attention of 

synthetic chemists for overa century. Poly- 
cyclic, sereochemically complex carbon frame- 
‘works area common feature of many biologically 
active synthetic and naturally occurring targets. 
‘Among the possible strategies for assembling 


T: challenge of constructing complex 
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such compounds, transannular reactions consti- 
tute a particulary efficient approach (Fig. 1). in 
this type of transformation, reacting centers are 
tethered together as part of a macrocycle; cova- 
Jent bond formation occurs across the ring, re- 
sulting in the formation of a polycyclic product, 
‘often with concomitant formation of multiple 


stereogenic centers, The relative proximity of the 
‘reacting sites can confer an entropic advantage to 
‘ransannular reactions, allowing reactions within 
sterically congested frameworks that are effec- 
tively inert in analogous inter- or acyclic intramo- 
lecular systems. However, successful application 
Of transannular strategies in targetoriented syn- 
thesis depends on the ability to predict and in- 
fluence the stereochemical course of the reaction, 

In the vast majority of transannular trans- 
formations studied to date, stereoselectivity has 
relied on the intrinsic conformational properties 
of the reacting macrocycle. An appealing alter 
native strategy for controlling enantio- and dia- 
stercoselectivity in transannular reactions mi 
involve use ofa chiral catalyst or reagent. Despite 
‘numerous efforts in this direction, efficient asym- 
metric catalysis of transannular reactions has not 
‘been achieved (/~5). 

‘The Diels-Alder reaction has long stood as 
‘one of the most useful complexity-generating 
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reactions in organic chemisty, and transannular 
variants have been studied extensively (6, 7). In 
particular the transannular Diels-Alder (TADA) 
hhas been used as a key step in many elegant 
total syntheses of complex polycylic natural 
products (8). The choice to explore asymmetric 
catalysis of the TADA was also influenced by 
the existence of numerous successful catalytic 
‘enantioselective inter- and acyclic intramolec- 
ular Diels-Alder reactions discovered over the 
past 2 decades (9). 

‘The investigation began by screening a va- 
riety of chiral metal-based Lewis acids, Bronsted 
acids, and hydrogen bond donors for their ability 
to promote the TADA of macrolactone 1 (Fig. 
1B). This macrocyclic substrate was accessed in 
only seven steps from commercially available 
‘materials, making sufficient quantities available 
for these initial experiments (/0). Although most 
catalysts tested were unable to promote the de- 
sired cyclization under the conditions of our 
sereens, use of 20 mole % (mol%) wiflimide- 
activated oxazaborolidine Lewis acid 3a pro- 
Vided excellent conversion of 1 10 the endo 
TADA product 2, albeit with low enantioselec- 
tivity (Table 1, entry 1). First reported by Corey, 
acid-activated chiral oxazaborolidine derivatives 
are among the most effective catalyst systems 
for enantioselective inter- and intramolecular 
Diels-Alder reactions (J/-13). 

[nan effort to obtain higher enantioselectivity 
inthe TADA, we synthesized and tested various 
thiral oxazaborotidine derivatives (Table 1, en- 
tries 2 (0 8). As anticipated from earlier work on 
the intermolecular Diels-Alder reaction (/3), 
replacing the methyl substitent on boron with 
‘4 phenyl ring inereased enantioselectivity (entry 
2), However, the optimal catalyst for inter- snd 
acyclic intramolecular Diels-Alder reactions, 
‘which contains an ortho tolyl group on boron 
(3c), was found to have a detrimental effect on 
both the enantioselectivity and the conversion 
of the TADA (entry 3). This difference may 
bbe attributed to the added steric demand asso- 
ciated with a macrocyclic substrate; the presence 
‘of alkyl groups atthe ortho or meta positions of 
the boron aryl substituent diminished both re- 
activity and selectivity (entries 3 and 4). Substi- 
tution at the para position was better tolerated 
bbut did not lead 10 useful degrees of enantio- 
selectivity (entry 5). 


A 
aoe pas 
re 
ae 
ce | 
(mtermotecutar intramolecular 
‘enction reaction 


A breakthrough in catalyst optimization came 
with the introduction of a less sterically demand- 
ing fluorine substitent onto the boron ary! ring 
(Ccatries 6 to 8). Monofluorinated catalysts pro- 
vided excellent conversion to the desired product 
as well as an increase in enantioselectivity, with 
the onho-forinated catalyst 3f affording the 
best result of 86% enantiomeric excess (ee). 
‘Systematic variation of the other reaction param 
eters, including solvent, concentration, and tem- 
perature, identified optimal reaction conditions, 
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which afford product in 90% ce and 69% 
isolated yield (entry 9). 

‘The complex conformational properties of 
rmacrocycles might have necessitated a fairly spe 
cific match between catalyst and substrate, re- 
stricting the scope of any given catalyst. However, 
itwas found instead that a variety of macrocycles 
containing £,E dienes provided products in good 
40 excellent enantiasclectivity and diastereose- 
lectivity with catalyst 3f under the optimal reac~ 
tion conditions described above (Fig. 2). Notably, 
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Fig. 2. Substrate scope ofthe asymmetric catalytic TADA. All reactions were performed in toluene (0.3 M) 
for 20 hours at room temperature using 20 mol% of catalyst 3f. Isolated yields were obtained after 


purification using stica gel chromatography. Or values were measured with *H 


nuclear magnetic 


resonance analysis Ee values of the major diastereomers were determined by gas chromatography (GO 
‘analysis using commercial chiral columns, ‘Macrocycle was a 3.7:1 ratio of inseparable EEEZ diene 
‘isomers; only the EE diene reacted under these conditions. "Isolated yield based on EE macroqicle. 
‘additional minor diastereomer may be the result of product epimerization or reaction of a geometric 
‘isomer. *Macrogycle was a 5.0:1 ratio of inseparable EE:EZ diene isomers; only the EE diene reacted 
under these conditions. 


control of absolute 
‘stereochemistry? 


TADA product (2) 


Fig. 1. (A) Comparison of intermolecular, intramolecular, and transannular chemical reactions. (B) Proposed asymmetric catalytic TADA reaction, 
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a number of different ring systems can be formed —dienophile from an a.f-unssturated lactone to a 
in this transformation, including medium-sized Ketone is also possible (entries 4 and 5). The 
seven- and eight-membered rings. Changing the lowered energy barrier for this transinnular 


Table 1. Optimization of catalyst structure in the asymmetric TADA. Conversion of 1 to 2 was 
‘measured with *H nuclear magnetic resonance analysis, which also revealed >95:5 dr forall cases. 
Enantiomeric excesses (% ee) were determined by GC analysis using commercial chiral columns. Al 
reactions were performed on a 0.01 mmol scale in toluene (0.05 M) for 20 hours at room 
temperature using 20 mal% of catalyst, except for entry 9 [reaction performed on a 0.02 mmol 
scale in toluene (0.3 M) for 20 hours at room temperature]. R refers to the boron substituent as in 


Fig. 18. 
Entry Catalyst % Conversion hee 
z R= CH; (3a) 85 30 
2 R= Cuts Bb) 66 80 
3 R= 2-CHsCHs BO n 49 
4 R= 3-CHsCHs (3d) 10 48 
5 R= 4-CHyCH, Ge) 32 n 
6 R= 2FGHs (30 86 86 
7 R= 3-FC4Hy (3g) 63 82 
8 R= 4-FCyHy Gh) 95 2 
9 R= 2FGHs BO 2% 90 
(69% isolated) 
A 
~~, 


process also permits the formation of a highly 
‘unusual 7-6-7 fused ring system with good enan- 
tioselectivity, albeit in low conversion (entry 5). 

In all TADA reactions examined, the endo 
diastercomer predominates, and the absolute 
stereochemical outcome of the reaction matches, 
that found for other oxazaborolidine-catalyzed 
inter-and intramolecular processes [for details of 
absolute stereochemical assignment, see (/0)]. A 
‘current limitation of this methodology is the 
requirement for an £.E diene in the macrocycle; 
substrates containing trisubstituted or EZ dienes 
provide no product under the optimal reaction 
‘conditions. This lack of reactivity may be attri- 
‘buted to the inability of such macrocyelic dienes, 
10 achieve the required s-ciy conformation at 
ambient temperatures (6, 7). However, every 
macrocycle found to be reactive under the 
‘optimal, standardized conditions underwent cy- 
cloaddition in good to excellent enantioselectiv- 
ity (80% cc). 

‘Afier establishing the broad substrate scope 
of the asymmetric catalytic TADA, our efforts 
tumed toward applying the methodology to more 
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‘ 
(1-13: 69) 
Conditions 
MeACl, (0.8 equiv), CH;Cly,-78 °C to rt 1h 50.0 500 
tolione, 120°C, 12h 455 4S 
20 mol catalyst 3f, toluene, 1, 20h 28 72 
20 moh catalyst ont. af, toluene 1, 20h 7. 222 
(Ratios determined by GC analysis) 


Fig. 3. (A) Catalyst-controlled diastereoselective TADA of a biased macrocycle. equiv., equivalents; rt, room temperature. (B) Catalyst-controlled 
diastereoselective TADA of an unbiased macrocycle. 
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elaborate macrocyclic substrates. Two areas 
‘emerged as worthwhile avenues for further inves- 
tigation: catalyst-controlled diastereoselective 
cyclizations and synthesis of sterically congested 
‘natural product frameworks. Devising chiral eata- 
lysts to alter the inherent diastercoselectvity of 
reactions involving chiral substrates remains one 
of the greatest challenges in synthesis (/4). In 
‘many cases, substrates exert a strong confor- 
rmational bias towant formation of a particular 
diastereomer; pathways that lead to alfemate 
diastereoselectivity have substantially higher acti- 
vation banias and therelore often proceed at 
impractically slow rates, even under the influence 
of highly stereoselective catalysts. 

Initially, investigations began with the eyeli- 
zation of a highly biased macrocycle (4), readily 
accessed from (+)}citronellol (Fig. 3A). In 
theory, there are four possible diastereomeric 
‘outcomes in this reaction, However, this macro- 
cycle is expected to adopt conformations that 
place its methyl group in a pseudocquatorial 


Position in the TADA transition state (J5). In- 
deed, reaction of 4, cither in the presence of an 
achiral Lewis acid or under thermal conditions, 
proceeds with high diastereoselectivity to gen- 
erate endo-Sa, which results from resction of 
such a conformation. Diastereomers resulting 
from cyclization of altemate conformers bearing 
the methyl group in pseudosxial positions 
(endo-Sb and exo-Sb) are obtained in only mi- 
‘nor amounts. However, upon exposure of 4 to 
20 mol% of catalyst 3f, the altemate, otherwise 
inaccessible, endo-Sb diastereomer is formed in 
useful quantities (30% yield), This type of 
catalyst-controlled, diastereoselective reaction 
may find use in structure-activity relationship 
studies and diversity-oriented synthesis, applica- 
tions where access to every possible diastereo- 
mer of a particular carbon framework is desired 
6). 

Another usefil application of catalyst-controied 
diastereosclectvity would involve influencing the 
‘outcome of a poorly selective reaction. In onder 
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{to assess the performance of the catalyst under 
these circumstances, macrocycle 6 was synthe- 
sized, which contains 1,3-anti methyl substitution 
(Fig. 3B) (17). The stereochemical relationship 
‘betwen these two groups should create situa 
tion where both possible endo Diels-Alder tran- 
sition states are destabilized to similar extents by 
the presence of a pseudoaxial methyl group, AS 
expected, the TADA reaction of 6 proceeded 
with low selectivity between the two endo dia- 
stereomers (endo-7a. and endo-7b) in the pres- 
‘ence of an achiral Lewis acid or under thermal 
‘conditions. However, exposure of macrocycle 6 
10 20 mol% of catalyst 3f dramatically favors 
formation of the endo-Tb diastereomer, prov 
ing TADA product in a 34:1 diastercomeric ratio 
(dr) and excellent isolated yield, The opposite 
‘enantiomer of catalyst led to selective formation 
of endo-Ta. 

Given the many previous applications of the 
TADA in total synthesis, one would anticipate 
considerable utility of the catalytic enantioselec- 
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Fig. 4. (A) Retrosynthesis of sesquiterpene natural products using the catalytic asymmetric TADA. (B) Enantioselective total synthesis of 11,12- 


diacetoxydrimane. 
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tive version in the construction of natural products. 
To illustrate, the carbon skeleton of the sesqui- 
{erpene natural products a large family with many 
biologically active members in both enantiomeric 
series, was targeted (/8). The retrosynthesis in- 
‘volved consucting the polyeyctic core of these 
‘molecules by using he TADA ofsiticon-containing, 
‘macrocyclic ketone 8 (Fig. 4A) (19). Post- 
cyclization, straightforward synthetic manipula- 
tions of the tricyclic product 9 would provide 
access 10 various members ofthis interesting nat- 
‘ural product class. Construction of such a decalin 
framework using waditional Diels-Alder partners 
that lack a macrocyclic tether is problematic be- 
‘cause of the development of severe sym pentane- 
like interactions between the gem-dimethyl group 
and the methy! group of the dienenophile in the 
Iransition state (20), 

Synthesis of the desired TADA substrate was 
achieved in eight steps from known ketoaldehyde 
10 (Fig. 4B) (21). Silylation of alcohol HI was 
followed by macrocyclization via diene-ene 
‘ing-closing. metathesis using the Grubbs first- 
‘generation ruthenium catalyst, which proceeded 
in excellent conversion and with good selectiv- 
ity for the EE diene product 8 (22). Gratitying- 
ly, exposure of this microcycle to catalyst 3f 
resulted in complete conversion of the E,E iso- 
mer to provide the desired TADA product 9 in 
>20:1 dr. Tamao oxidation of the crude reaction 
mixture (23), followed by oxidative cleavage of 
the resulting diastereomeric mixture of hemi- 


ketals, provided lactone 12 in 83% cx. This 
intermediate, which could potentially serve as a 
Precursor to a number of sesquiterpene targets, 
‘was elaborated in three steps to a representative 
natural product, 11,12-diacetoxydrimane (24). In 
‘addition to providing a concise, enantioselective 
route to these terpene targets, the strategic use of 
a temporary transannular tether may constitute 
an important approach for dealing with difficult 
bond constructions in a variety of systems. 

‘The successful application ofa chiral catalyst 
{o transannnular reactions is thus not only possi- 
bile but is seen to be remarkably general across 3 
broad range of macrocyclic substrates. This 
strategy should allow stereocontrolled assembly 
‘of polycyclic molecular architectures. with un- 
paralleled efficiency and elegance. 
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Spin Transition Zone in 
Earth’s Lower Mantle 


Jung-Fu Lin,” Gyérgy Vankd,”* Steven D. Jacobsen,”* Valentin tota,* Viktor V. Struzhkin,* 
Vitali B. Prakapenta,* Alexei Kuznetsov,” Choong-Shik Yoo™™ 


‘Mineral properties in Earth’s lower mantle are affected by iron electronic states, but representative 
[pressures and temperatures have not yet been probed. Spin states of iron in lower-mantte ferropericlase 
hhave been measured up to 95 gigapascals and 2000 kelvin with xray emission in a laser-heated 
diamond cell. A gradual spin transition of iron occurs over a pressure-temperature range extending 
{rom about 1000 kilometers in depth and 1900 kelvin to 2200 kilometers and 2300 kelvin in the lower 
mantle. Because low-spin ferropericlase exhibits higher density and faster sound velocities relative to 
the high-spin ferropericlase, the observed increase in low-spin (Mg,FeO at mid-lower mantle conditions 
would manifest seismically as a lower-mantle spin transition zone characterized by a steeper-than- 


‘normal density gradient. 


lectronic spin-pairing transitions of iron 

and associated effects on the physical prop- 

erties of host phases have been reported 
in lower-mantle minerals, including femroperi- 
clase, silicate perovskite, and possibly in post- 
silicate perovskite at high pressures, but so far 
‘only at room temperature experimentally (~12). 
‘These mineral physics studies have prompted 
‘geophysicists and geodynamicists to reevalu- 
ate the state of the lower mantle and, in par- 
ticular, the possible sources of seismic (/3-15) 
and chemical (/6, 17) heterogeneities, as well 
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as the thermal stability of massive upwellings 
(78, 19) in terms of spin-pairing phenomena. 
Changes in the electronic structure of iron are 
thought to promote partitioning of ion into ferro- 
Periclase relative to perovskite (J), although ex- 
perimental evidence is lacking under lower 
‘mantle conditions (6, 11, 16, 17). Recent thearet- 
{cal calculations predict that the spin transition of | 
Fe™ in fermopericlase, (Mgy..Fe,JO (x < 0.2), 
‘would occur continuously over an extended pres- 
sure range—and thus would be more accu- 
rately refered to as a spin crossover—under the 


pressure-temperature conditions of the lower 
mantle (6, 11), In this case, the associated ef 
fects would be gradual and therefore less likely 
to permit seismological detection, Because the 
Earth’s lower mantle varies in pressure from 22 
to 140 GPa and in temperature from 1800 K to 
4000 K (20), experimental determination of the 
simultaneous pressure-temperature effect on 
the spin transitions of lower-mantle phases is 
essential. 

We have studied the electronic spin states of 
ion i fevopeicss (0lGn7se.290] and at 
‘rystal stricture under relevant lower-mantle con- 
ditions using x-ray emission spectroscopy (XES) 
and x-ray diffraction with a laser-heated diamond 
anvil cell (LHDAC) (5, 21-23). The spin states 
of iron in (Mgp 7.Feq.23)O at high pressures and 
Aemperatures were probed by in situ XES in a 
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LHDAC. The samples were preoriented <110> 
ceystal plates (5) or polyerystalline (9) samples of 
(Mego 7s,Fen2<)0 composition measuring ~12 yum 
thick and 70 jim in diameter. Samples were 
loaded into diamond cells with Be gaskets and 
boron or cubic BN gasket inserts, Dried NaCl 
layers acted as thermal insulators between the 


Fig. 1. Representative ray emission spec- 
tra of Fe KB collected from ferropericlase- 
(Migo75.Fe0290 at high pressures and 
‘temperatures. (A) 51. GPa and high tem- 
peratures; (B) 80 GPa and high temper- 
atures. High-quality XES spectra collected 
at ambient pressure and 80 GPa are used 
as references for the IAD analysis (23) of 
‘the high-spin and low-spin states, respec- 
tively. Differences from the lowspin line 
shape, shown below the spectra, are used 
to derive the rato ofthe high-spin to low 
spin states in the sample. An energy shit of 
16 eV in the main emission peak (Kj) 
‘an also be seen across the spin transition. 
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Fig. 2. Representative angledispersive 

ctay diffraction pattems of (Mgoys,Fea25)0 , 
at ~84 GPa and high temperatures cok 
lected from a laser-heated diamond cell. A 
‘monochromatic beam of 03344 A in 
wavelength was used as the xray source, 
and the diffracted xrays were collected by 
an image plate (MAR34S). The diffraction 
pattems were integrated with the AT2D 
program, and the backgrounds were 
subtracted for clarity. (Mgo7s,Fea29)0 is 
stable in the B1 structure up to 1900 K 
and remains in the B1 structure after hours 
of laser heating (26). Fp, (Mgo7s,Fea25)0; 
NaCl, thermal insulator in the B2 struc- 
ture, Temperature uncertainties in the ex: 
periments were approximately 100 to 
150 K. Optical observation of the laser- 
hheated sample shows no evidence of a 
phase separation. 
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sample and diamond anvils, as well as the pres- 
sure medium and the pressure calibrant (24). 

‘A Rowland circle spectrometer with I-m di- 
‘ameter in the vertical scattering geometry was 
‘configured around the double-sided laser-heating 
system at the GeoSoil Enviro Consortium for Ad- 
vanced Radiation Sources (GSECARS) sector of 


7030 7005 Tos) 704s 7080 7055 7080 7085 7070 
Energy (eV) 


(Mgg,..Fe,..9)0 at 84 GPa 


REPORTS [ 


the Advanced Photon Source (APS), Argonne 
National Laboratory (ANL) for XES of iron in 
the sample under high pressures and temper- 
atures (5, 2/). A monochromatic x-ray beam of 
14 keV was focused down to ~S jm vertically 
and horizontally at the sample position, and a 
‘near-infrared laser beam 25 yim in diameter atthe 
‘sample position was used to heat the sample from 
‘both sides of the DAC. The Fe K§ emission spec 
tra were collected by a silicon detector through the 
Be gasket and a Si (333) analyzer in the Rowland 
circle geometry. During the laser-heating experi- 
ments, the energy of the monochromatic x-ray Was 
adjusted to higher energy toallow x-ray diffraction 
measurements with an image plate (MAR345). 
‘The details of the experimental set-up and sample 
synthesis are reported in. supporting o 
material (22). 

‘The XES spectra of the Fe Ki fluorescence 
lines in (Mgo s,Feg.2s)0 were collected up 10.95 
GPa and 2000 K, and x-ray diffraction pattems 
\were collected from some of the samples before, 
during, and after laser heating at high pressures 
(Figs. | and 2). To quantitatively derive the 3 
spin momentum and the ratio of the high-spin 
‘and low-spin states, the XES spectra were ana- 
lyzed using the line-shape analysis by integrating 
the absolute values of the difference spectra and 
‘comparing these integrals with that obtained on 
references [integrated absolute difference (IAD) 
analysis] (Fig. I and figs. SI and $2) (23). The 
TAD analysis uses the information of the full Fe 
KB spectrum and is model independent. 1¢ has 
been shown that the derived IAD values linearly 
‘correlate with the spin momentum at the transi- 
tion between two spin states and provide a 
reliable method for determining the ratio of the 
‘high-spin and low-spin states in the sample (23). 

‘The derived fractions of the high-spin state 
were used to construct the spin-crossover phase 
diagram of ion in (Mgo 7s,Fe.2590 up t0 95 GPa 
‘and 2000 K (Fig. 3). Whereas the XES results 
reveal an electronic spin crossover with a mixed 
population of high-spin and low-spin states of 
iron in ferropericlase at high pressures and tem- 
peratures, x-ray diffraction pattems show that the 
(Mago 25.Fey 2990 sample is stable in the BI struc- 
ture before, during, and afier the experiments 
up to 95 GPa and 2000 K (Fig. 2 and fig. $3) 
(25, 26). High temperatures do not significantly 
affect the fraction of the high-spin state below 
50 GPa and above 95 GPa, but much stronger tem 
‘perature effects an the spin cmssover are observed! 
from-~S0 t0 90 GPa. The observed spin crossover 
is found to be readily reversible in temperatures 
‘and cannot be simply explained as the result of 
sluggish transition and kinetics, The spin-crossover 
zone clearly widens with inoreasing temperatures 
‘at high pressures (Fig. 3) Although previous high- 
[pressure and room-temperature experiments showed 
that low-spin and high-spin states have charac 
{eristic physical properties, such as volume, 
‘compressibility, and sound velocities, and can be 
categorized as two distinct phases, high-spin fer- 
ropericlase and low-spin ferropericlase (5, 7, 9), 
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the spin crossover in the ferropericlase observed 
in our curent XES and diffraction experiments 
likely involves a mixed population of high-spin 
and low-spin states in the same erystal structure, 
an isosymmetric transition involving the substi- 
tution of low-spin ions for high-spin ions without 
change in the structure of the host (6, 11). 

Comparison with the mode! geothem of the 
Earth's lower mantle (20) indicates thatthe high- 
spin to low-spin crossover of iron likely occurs 
from the middle part to the lower part of the lower 
‘mantle from ~1000 km in depth and 1900 K. to 
~2200 km and 2300 K, and that the low-spin 
ferropericlase with the BI structure exists in the 
lower mantle, that is, at depths below ~2200 kma. 
‘The observed width of the spin crossover in fer- 
‘opericlase is much namower than that predicted by 
the existing theoretical models (6, 1). Although 
the temperature effect on the spin transitions in 
the silicate perovskite and post-perovskite is yet 
to be studied (2-4, 8, 12), we propose that this 
spin-crossover phenomenon should also oceur in 
silicate perovskite because it is subject to similar 
thermal energy in the lower mantle as that re 
quired to overcome the spin-pairing energy. 

The spin crossover of iron in the lower 
‘mantle phases substantially affects its implica- 


Fig. 3. Isosymmetric spin 
‘crossover of Fe®* in (Mga75. 
Feo 25)0. The phase diagram 
{is constructed from the inter- 
polation and extrapolation of 
the derived fractions of the 
high-spin state in the sample 
(fig. £2). Colors in the vertical 
column on the right repre- 
sent factions ofthe high-spin 
ion, Yes in Mido 75eFe.25)0. 


Fig. 4, Derived fractions of the 
low-spin ferropericlase (A) and 
density variation (B) along a 
model lower-mantle geotherm 
(20), Fraction of the low-spin 
ferropericlase is derived from an 
‘extrapolation of the experimental 
data in Fig, 3. Density variations 
in ferropericlase across the spin- 
crossover region assume that the 
density varies linearly with the 
fraction of the low-spin iron (22). 
Dashed line and dash-dotted tine 
represent derived density varia- 


tions for the geophysics and geodynamics of 
Earth's lower mantle. The continuous nature of 
the spin crossover observed here explains why no 
significant change in iron partitioning between 
ferropericlase and perovskite has been observed 
in recent high pressure-temperature experiments 
ith a pyroitc and olivine composition (76, 17), 
a opposed 10 a proposed dramatic change in 
Partitioning and chemical layering in the lower 
‘mantle (/, 2). Because the low-spin ferropericlase 
exhibits relatively high density (5, 17) fast sound 
velocities (5, 9), and lower radiative thermal 
‘conductivity (7) than the high-spin ferropericlase, 
the spin crossover in ferropericlase would result 
in continuously enhanced density and reduced 
radiative thermal conductivity of ferropericlase 
from the middle part to the lower part of the 
lower mantle. However, slowing in sound 
velocities and lowering in pressure derivatives 
‘of the sound velocities are expected within the 
transition region (9), The observed increase of 
the low-spin (Mg,Fe}O0 at the mid-lower man- 
tle conditions would manifest seismically as a 
lower-mantle spin transition zone (STZ), char- 
acterized by a steeper-than-normal density gra- 
dient between ~1000 km and 2200 km in depth 
(13-15) (Fig. 4). Spin transition may therefore 


Density Variation (%) 


tions using maximum variations of 2.8% and 4.2% across the spin-crossover region from evaluation 
of recent experimental (5) and theoretical (12) data, respectively. Vertical bars represent the density 
variations caused by 2% and 5% perturbation of total iron content in ferropericlase, respectively, at 


ambient conditions (32). 
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account for some of the seismic wave hetero- 
geneity in that region, and the existence of the 
low-spin (Mg.Fe)O at the lowermost mantle 
conditions may affect the thermal stability of 
the mantle upwellings (/8, 19). 

Because the spin crossover of iron occurs in 
the lower-mantle minerals such as ferropericlase 
‘at high pressures and temperatures, the thermal 
‘compression curves and sound velocities of the 
lower-mantle minerals will be continuously 
influenced by the ratio of the high-spin and 
Jow-spin states along the lower-mantle geotherm 
(Figs. 3 and 4). This renders the use of the 
classical equations of state with lattice finite 
strain theory unreliable for modeling the density 
‘and sound velocity behavior across. the spin 
crossover (24, 27-29). For example, a density 
increase of ~3 10.4% is observed across the high- 
spin to low-spin transition in ferropericlase at 
~50GPa(5, //, 22). Using a pyrolite lower-mantle 
‘composition model (29, 30) with ~33% of form 
periclase and assuming a similar thermal compres- 
ssion behavior in high-spivlowspin (Mg.Fe)0 
with various iron content (22, 37, 32), we predict 
the spin crossover of iron in (Mg,Fex would 
result in a density difference of ~1% between the 
‘extrapolated high-spin and. low-spin density 
profiles, affecting our understanding of the 
lowermantle chemistry, Such density increase is 
‘equivalent 10 the addition of ~5,0% FeO into 
MgO in ferropericlase (32) and may be further 
‘enhanced if the stiffer low-spin ferropcriclase (5) 
‘exhibits less thermal expansion than that extrapo- 
lated using the thermal equation of state of the 
high-spin feropericlase (31), Therefore, knowl- 
‘edge of the ratio of the high-spin to low-spin states 
in ferropericlase as well sin the silicate perovskite 
‘and post-perovskite is essential to evaluate reliably 
the composition, geophysics, and dynamics of 
Earth's lower mantle 
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The Primitive Wrist of Homo 
floresiensis and I|ts Implications 
for Hominin Evolution 


‘Matthew W. Tocheri,’* Caley M. Orr,”® Susan G. Larson,* Thomas Sutikna,* 
Jatmiko,” E. Wahyu Saptomo,” Rokus Awe Due,” Tony Djubiantono,* 


‘Michael J. Morwood,* William L. Jungers* 


Whether the Late Pleistocene hominin fossils from Flores, Indonesia, represent 2 new species, 
Homo floresiensis, or pathological modern humans has been debated. Analysis of three wrist bones 
{rom the holotype specimen (L81) shows that it retains wrist morphology that is primitive for the 
African ape-human clade. In contrast, Neandertals and modern humans share derived wrist 
‘morphology that forms during embryogenesis, which diminishes the probability that pathology 
‘could result in the normal primitive state. This evidence indicates that LB2 is not a modern human 
with an undiagnosed pathology or growth defect; rather, it represents a species descended from 
a hominin ancestor that branched off before the origin of the clade that includes modern humans, 


Neandertals, and their last common ancestor. 


Pleistocene hominin fossils from the 
island of Flores has focused primarily on 
the craniodental remains of the first specimen 
(LB1) recovered from Liang Bua cave (/-6). 
BI is the holotype specimen of a new species, 
Homo floresiensis (1, 7), but some argue that 
it is pathological modem human (4, 6). Here 
‘we examine the morphology of three wrist 
bones attributed to LBI to test these competing 
hypotheses. 
Wrist morphology can be a powerful indi- 
ccator of phylogenetic relationships in Mammalia 
‘because of variation in the number and shape of 


T: debate over the affinity of the Late 
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‘carpal elements and in the configuration of the 
articular surfaces (8-12), In primates, the trape- 
zoid is the wrist bone situated directly proximal 
to the index finger. The modem human trapezoid 
is shaped like a boot (9, 13, 14), wherein the 
palmar half of the bone is madio-ulnarly and 
proximo-distally wide (Fig. 1). In contrast, other 
Primates have a trapezoid that is more wedge- 
shaped with a narrow palmar tip and a wide 
dorsal base (9, 13-13). This difference between 
human and nonhuman primate trapezoid shape 
js concomitantly reflected by the shapes and 
articular configurations of the carpals that artic- 
ulate with the trapezoid, and all of these campals 
are derived in modem humans in comparison to 
those in other primates (Figs, 2 and 3) (9, 13). 
Upper Paleolithic Homo sapiens and Neandertals 
share these derived morphological features with 
modem humans, suggesting that they are most 
likely inberited fom a recent common ancestor 
(23). A capitate attributed to Homo antecessor 
(16) and dated 10 ~038 million years ago (Ma) 
(17) also shares the derived condition (/3, 16). 
Thus, the current paleontological evidence sug- 
gests that this complex of wrist features evolved 
by at least 800,000 years ago. 
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Three complete carpals—a trapezoid, seaph- 
‘oid, and capitate—all of which are from a left 
\wrist, were recovered along with the cranium, 
‘mandible, and additional posteranial material of 
LBI in Spit No. 59 of Sector VII during the 
September 2003 excavation (fig. S1 and table $3) 
(U2, 18), Each is well preserved and shows no 
‘signs of pathology or abnormal development, 
As shown in Figs. 110 3, these three articulating 
‘bones display none of the shared, derived fea- 
tures of modem human and Neandertal carpals 
(13). Instead, they show the generat symplesio- 
‘morphic pattem exhibited by all extant African 
apes, as well as fossil hominins that preserve 
comparable wrist morphology and date before 
1.7 Ma (/3, 19-2), Like other nonhuman pri- 
mates, LBI's trapezoid is (i) wedge-shaped (ii) 
the ulnar side of its second metacarpal articula- 
tion is oriented more sagittally (Fig. 1, top and 
‘bottom rows); (i) its scaphoid articular surface is 
more triangular in shape (Fig. 1, middle row); 
and (iv) it lacks the expanded palmar non- 
articular area (Fig. 1, top row) and. the more 
palmarly placed capitate articulation observed 
in modem humans and Neandertals (Fig. 1, 
bottom row). We quantified these shape differ: 
‘ences using three-dimensional (3D) methods 
measuring the relative areas and angles of carpal 
articular surfaces (/3, 14, /8, 23). Multivariate 
Statistical analysis of these data distinguishes 
modem humans and Neandertals from the great 
apes, Papio, and LBI (Fig. 1). Primarily, the 
trapezoids of modem humans and Neandertals 
are distinct in their shape and articular con- 
figuration as a consequence of the large expan- 
‘sion of palmar nonarticular area, which tends to 
square off the entire palmar half of the bone 
(Fig. 1, top row) (/3). 

The scaphoid and capitate of LBI both 
‘exhibit the shapes and articular configurations 
‘that occur concomitantly with the primitive 
‘hominid trapezoid condition (13, 18), and mul- 
tivariate analyses of these carpals provide similar 
results (Figs. 2 and 3). For example, LBI's capi 
tate lacks the enlarged palmarly placed articular 
surface for the trapezoid observed in modem 
‘humans and Neandertals (9, 73) and, instead, 
shows the waisted neck characteristic of extant 
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Fig. 2. (Top) Palmar (top row), proximal (middle 
row), and ulnar views (bottom row) of trap 
morphology (the distal, palmar, and di 
borders, respectively, shown toward the page 
top). All bones are scaled to approximately the 
same size and shown as from the left wrist. 
Articular surfaces are as follows: 2nd metacarpal 
(radial side), yellow; 2nd metacarpal (ulnar side), 
dark blue; capitate, green; trapezium, light blue; 
scaphoid, medium blue; nonarticular, pink. 
(Bottom) Plots of the canonical variables 
(CAN1 to CAN3) generated from 3D trapezoid 
shape analysis (13, 14, 18). CAN accounts for 
76% of the variation, CAN2 accounts for 14%, 
and CAN3 8% (modern humans, open squares; 
Pan, closed triangles; Gorilla, open diamonds; 
Pongo, closed circles; Papio, X's; Upper Paleo- 
lithic H, sapiens (e.g., Qafzeh 9), blue squares 
(UP); Neandertals (e.g., Kebara 2), red squares 
(N);, modern. human pituitary dwarf, yellow 
square (D); modern human pituitary giant, 
yellow square (@); H. floresiensis (1B), green 
square (F). 


‘great apes and Ausiralopithecus (Fig, 3, middle 
row) (20) Similarly, the articular surface for the 
{trapezium on LBI’s scaphoid does not extend out 
‘onto the seaphoid tubercle as it does in modem 
humans and Neandertals (Fig. 2, middle row) 
(3), However, LBI’s seaphoid includes a fused 
‘centrale, as does the OH7 scaphoid from Olduvai 
Gorge (Fig. 2) (21, 24). Congenital fusion of 
these two campal elements is a synapomomphy of 
Gorilla, Pan, wa Homo (25), and the fossil 
evidence from LBI and OH further indicates 
that fusion is the most likely primitive condition 
for all hominins. 

‘The consistent carpal shape differences be- 
‘ween human and nonhuman primates are the 
result of differences in the cavitation ofthe carpal 
‘mesenchyme during embryonic development 
(U8, 26), In modem humans, the trapezoid, 
capitate, and trapezium arise in the mesenchyme 
in essentially their adult form by the 11th week 
of development, long before the processes of 
chondrification and ossification are complete, 
and the remaining carpal elements achieve their 
distinctive shapes shortly thereafter (26). Because 
‘ofthe timing of carpal formation, dysostoses (i.e, 
errors in cell patterning) or disruptions (ic., 
through exposure to toxic substances or infee- 
tion) may result in malformation of the initial 
ccampal shape (27, 28). However, the transient 
characteristics of such disturbances most often 
produce localized skeletal shape abnormalities 
(c.g,, individual bones are affected) that are 
not typically associated with skeletal dwarfism 
(27, 28). In contrast, dysplasias usually involve 
systemic errors in ossification and growth, fre- 
‘quently resulting in dwarfism (27, 28), The genes 
that result in dysplasias, however, do not nor- 
‘mally become expressed until after normal shape 
formation of the carpal mesenchyme (27), Al- 
though skeletal dysplasias may include carpal 
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Fig. 2. (Top) Radial (top row), distal (middle row), and ulnar views (bottom row) of scaphoid 
morphology (the distal, palmar, and distal borders, respectively, shown toward the page top). All 
bones are scaled to approximately the same size and shown as from the let wrist. Regourdou 1 is a 
Neandertal. Articular surfaces are as follows: radius, dark blue; trapezium-trapezoid, light blue; 
capitate, medium blue; lunate, green; nonarticular, pink. (Bottom left) Plot of the canonical 
variables (CAN, CANZ) generated from 3D scaphoid shape analysis (13, 18). CAN accounts for 
89% of the variation, CANZ accounts for 1% [symbols as in Fig. 1 plus H. habilis (OH7), brown 
square (0)]. (Bottom right) The separate centrale (the primitive condition in primates) is shown 
articulated with the scaphoid in Pongo. 


and digit abnormalities related 10 ossification morphology that closely mimics a plesiomomphic 
errors, as well as various forms of microcephaly state, Our diverse modem human sample in- 
(27), none are known to result in abnormal carpal cludes a pituitary dwarf (USNM 314306) and a 
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Pongo Gorilla 


Pan 


Fig. 3. (Top): Palmar (top row), radial (middle row), and distal views (bottom row) of capitate 
morphology (the distal, distal, and palmar borders, respectively, shown toward the page top). All 
‘bones are scaled to approximately the same size and shown as from the left wrist. Articular surfaces as 
follows: trapezoid, dark blue; scaphoid-lunate, light blue; 3rd metacarpal, medium blue; 2nd 
‘metacarpal, green; nonarticular, pink. (Bottom) Plots of the canonical variables (CAN to CAN3) 
generated from 3D capitate shape analysis (28). CANA accounts for 86% of the variation, CAN2 
accounts for 13%, and CAN3 1% [symbols asin Fig. 2 plusA. africanus (T1526), orange square (A); 
A. afarensis (AL333-40 and AL288-1w), brown squares (A)]. 


pituitary giant (USNM 227508) (tables S1_ and 
'S2), Both show nomal modem human carpal 
shapes and articular configurations despite their 
abnormal sizes, demonstrating that LB1's wrist 
‘morphology is not the result of allometric scal- 
ing, errors in metabolism, oF a skeletal growth 
disorder, 

Our analyses support hypotheses that LBI 
is descended from a hominin ancestor that 
‘migrated out of Africa before the evolution of 
the shared, derived wrist morphology that is 
characteristic of modem humans, Neandertals, 
and their last common ancestor. The associa- 
tion of LBI with direct evidence of stone 
flaking technology comparable to that found a 
Oldowan or other Lower Paleolithic sites 
throughout the Old World (29) provides 
additional support for the hypothesis that the 
earliest homtinins to use and make stone tools 
retained primitive hominin wrist morphology 
(13, 21, 30, 31). The structurally modified 
wrist of modem humans and Neandertals 
probably evolved sometime between 1.8 and 
0.8 Ma (13). These structural modifications 
form a morphological complex that may 
represent an adaptation for better distribution 
of forces midio-lnarly across the wrist to 
facilitate the full commitment to tool-related 
‘manipulative behaviors that arose in the 
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hominin lineage leading 1 modem humans 
and Neandertals (13). 

‘The wrist morphology of LBI may ultimately 
help falsify or support specific hypotheses re- 
garding the phylogenetic position of H. flor- 
cesiensis (I, 5, 7). Unfortunately, no carpals are 
tributed to Homo erectus sensu lato, which is 
‘otherwise well represented in the fossil record 
between 1.8 and 0.8 Ma, with the exception of a 
partial lunate fom Zhoukoudian (32). However, 
if hominin carpals that date within this period of | 
time are discovered, their primitive or derived 
morphology will allow a firmer assessment of 
their phylogenetic relationship to other Pleisto- 
ccene hominin species, such as modern H. sapiens 
and H.floresiensis. 
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Structure of the Zinc Transporter YiiP 


‘Min Lu and Dax Fu* 


YiiP is a membrane transporter that catalyzes Zn°*/H™ exchange across the inner membrane of 
Escherichia coli. Mammatian homologs of YaP play critical roles in zinc homeostasis and cell signaling, 
Here, we report the x-ray structure of YiP in complex with zinc at 3.8 angstrom resolution. YiiP a 
homodimer held together in a parallel orientation through four Zn’* ions at the interface of the 
‘cytoplasmic domains, whereas the two transmembrane domains swing out to yield a Y-shaped structure. 
Im each protomer, the cytoplasmic domain adopts a metallochaperone-tike protein fold; the 
transmembrane domain features a bundle of six transmembrane helices and a tetrahedral Zn®* binding 
site located in a cavity that is open to both the membrane outer leaflet and the periplasm. 


ferentiation. The total zine content ina 

living cell is sustained at submillimotar 
levels, mostly in a protein-bound form (/). The 
ligated zine ean serve as catalytic or structural 
ccofctors in a host of biological processes ranging 
from gene expression to immune functions (2). A 
‘poo! of loosely bound zine in the brain plays an 
additional role in modulating. neurotransmission 
(G), Presynaptic vesicles of glutamatergic neurons 
‘and insulin-containing secretory vesicles of pan- 
creatic B cells are particularly rich in zinc, with 
concentrations exceeding 1 mM (4, 5). Although 
zine is abundant in certain specialized subceltular 
‘organelles, abnormally elevated zine concentra 
tions in the cytoplasm may exert cytotoxic 
effects. For instanee, excessive zine may contrib 
‘we to neuronal cell death during brain ischemia 
(6) and to framyloid deposition in Alzheimer's 
disease (7, 8). Therefore, the free cytoplasmic 
zine concentration of a living cell is maintained 
‘well below the nanomolar level (9) 

‘A family of ubiquitous. zine transporters, 
termed cation diffusion ficlitator (CDF), is erit- 
ically involved in controls of eytoplasmic zine 
build-ups, either by foclitating zine efflux to the 
cell exterior or by accumulating the excess zine 
in intracellular storage organelles (10, 11), These 
zine transporters move Zn™* across the otherwise 
impermeable membrane bamers. i glutamatergic 
synapses, a mammalian CDF, known as ZnT-3 
(ine transporter.3) is responsible for sequestering 
cytoplasmic Zn” into presynaptic vesicles (/2). In 
pancreatic cells, yet another mammalian CDF, 
ZaiP8 (SLC30A8),stimulstes zine accuultion in 
the insulin secretory vesicles (/3). Emerging evi- 
dence has linked Zn T-8 to the pathogenesis of 
type 2 dighetes (74). At present, litle is known 
about the structure and molecular mechanism of 
ZoiTs, Three bacterial CDF homologs, YiiP and 
ZitB from Escherichia coli and CzcD from 
Ralstonia metallidurans, have been characterized 
functionally and are related to their mammalian 
counterparts with 25 to 30R% sequence identity 
(Fig. 1). YiiP is a homodimer of two 33-KD in- 
{egral membrane proteins (/5), each composed 
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‘of six transmembrane segments (TMs) and a 
hydrophilic C-terminal domain (CTD) located 
in the cytoplasm (16). Metal binding and 
transport by YiiP have been mapped to strictly 
‘conserved D49 and D1S7 in the transmembrane 
domain (FMD) with binding affinities for Zn?” 
and Ca" in the submicromolar range (7). The 
transcription of yiiP gene in. coli is in- 
ducible by both Zn?” and Fe™* (/8, 19), al- 
though YiiP expression seems to promote iron 
detoxification only. However, direct transport 
‘measurement using native membrane vesicles in- 
dicated that YiiP catalyzes Zn"/H" antiport (19). 

We obtained YiiP crystals following an 
extensive screening for crystallization con- 
ditions. Although several metal ions improved 
the stability of YiiP in detergent micelles, only 
Zn*” yielded crystals of diffraction quality. X- 
ray diffraction data were obtained from native 
crystals and 12 heavy-atom derivative crystals 


for multiple isomorphous replacement and 
anomalous scattering phasing (table S1) (20). 
The resulting experimental maps wo 3.8 A 
revealed two YiiP protomers per asymmetric 
Unit, one of which could be readily traced as a 
‘continuous polypeptide chain (figs. SI and S2), 
‘whereas the other is more disordered as a result 
of less favorable crystal contacts. Protein 
sequence registration was established by using 
‘electron densities for bulky side chains and 11 
major heavy metal binding sites (table $2). 
Subsequent structure refinement and model 
rebuilding resulted ins structural model with 
Rays and Roe Of 32.2% and 32.9%, respec 
tively. The final model contained all but the fi 
4 and the last 10 residues of the 300 amino 
acids in each protomer. 

The physiological YiiP homodimer is a 
ranged around a two-fold crystallographic axis 
foriented perpendicular to the membrane plane 
(Fig. 2A). Two bands of aromatic residues: on 
the protein surface suggest the boundaries of the 
membrane-embedded region, The CTDs pro- 
‘rude into the cytoplasm and juxtapose cach 
‘other in parallel (o form the major dimerization 
contact, At the CTD and TMD juncture, 
intracellular loops form another dimerization 
‘contact, from which two TMDs swing outward 
‘and plunge into the membrane with a 60° 
‘crossing angle. Viewed from the membrane 
plane, this dimeric structure exhibits a Y-shaped 
architecture, with each am formed by a TMD; 
the bulk of the Y stem is provided by the 
associated CTDs, Given this orientation within 
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Fig. 1. Sequence atignment of YiP and representative members of the CDF protein family. Conserved 
‘and homologous residues are colored in magenta and light-brown respectively. Regions of secondary 
structural elements in YiiP are outlined. Magenta and cyan dots indicate residues involved in Zn‘ 
binding and dimerization contacts, respectively. Dots within the two human sequences indicate omitted 
residues in a loop (12) between TM4 and TMS. The signature sequence suggested for the CDF family 
corresponds to the aligned YiiP sequence from residues 36 to 49 27). 
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‘the membrane, the void space observed between 
‘two TMDs is likely to be filled with phospho- 
lipids in vivo. Viewed from extracellular side 
down the ‘worfold axis (Fig. 2B), the lower 
protein density between TMDs is consistent 
With a distinctive constriction of electron density 
at the dimer interface of a YiiP projection map 
‘obtained in the native E: coli lipid bilayer (15). 

Residues from I to 211 of YiiP are folded 
into the TMD as a compact six-helix bundle 
(Fig. 2). Interdigitations of helices in YiiP ll fll 
into the “knobs-into-holes” type of contact, and 
the erossing angles between helices are within 
the optimal range. A lack of helix-breaking pro- 
line residues in the middle of transmembrane 
helices suggests a rather limited conformational 
flesibility in the TMD. Threading across. the 
‘membrane six times, transmembrane helices are 
linked together by three extracellular loops, 
denoted as ELI 1 EL3, and two intracellular 
loops, ILI and IL2 (Fig. 1), An additional 
intracellular loop, IL3, connects TM6 to the 
CTD. ILI extends toward the dimer interface 
and forms a dimerization contact with IL3 from 
the neighboring subunit (Fig. 2B), Related by 
the two-fold symmetry, IL3 and ILI of the 
neighboring subunit form another dimerization 
contact, IL2 makes a short connection between 
TM4 and TMS, with only four residues. from 
position 141 10 144 (Fig. 2A). 


A xen ry 


Fig. 2. YiiP with bound Zn®*. (A) YiiP 
‘homodimer (yellow and cyan for each protomer) 
viewed from the membrane plane. Zn?” fons are 
‘tepresented by red spheres and labeled as 22 to 
74. Transmembrane hetixes are numbered 1 to 
6, a helices and B strands in CTD are labeled as 
Hi and H2, and S1 to S3, respectively. IL2 is 
indicated by an arrow. (B) View from the 
etracellular side along the membrane normal. 
Dimerization contacts between IL1 and IL3 are 
indicated by arrows. 


www.sciencemag.org 


The length of TMS is conspicuously short, 
accounting for three and a half helical tums 
from residue V147 to M159. This short helix is 
largely sequestered in the center of the six-helix 
bundle, thereby giving rise to one extracellular 
‘and one intracellular cavity on either side of the 
membrane (Fig. 3A), The extracellular cavity is 
accessible from the bulk solvent and exposed to 
the membrane outer leaflet (Fig. 3C), This 
cavity spans nearly half of the membrane 
thickness and anchors a Zn’ ion near the 
bottom. The intracellular cavity is confined 
between the TMD and CTD (Fig. 3A). The 
extended ILI and IL3 partially obstruct Lateral 
solvent accessibility to the cavity along the 
‘cytoplasmic face of the membrane, while the 
short IL2 makes room for full solvent access 
from the distal side of the dimer interface. The 
dome of the intracellular cavity is capped by 
throe hhighly conserved residues at the amino 
end of TMS, V147, R148, and A149. Directly 
tunder the dome lic the conserved RII from 
TMI, E79 from TM3, E200 from TM6, and a 
variable Q14S from IL2 (Fig. 3D). The two 
cavities are open to different sides of the 
membrane and point toward each other within 
the membrane, but no connecting channel exists 
between them (Fig. 3B), 

Residues from 212 to 300 of CTD are folded 
{nto an open af domain with two a helices (HI 
and H2) aligned on one side and a throe- 
stranded mixed {sheet (SI to $3) on the other 
side (fig. $3). The CTD exhibits an overall 
structural similarity with the copper metallochap- 
enone Hahl (2/), although there is no sequence 
homology between CTD and Hahl. To a first 
approximation, the topologies of the CTD a- 
BaiB and the Hahl BaiB-BaB fold are identical 


Fig. 3. Extracellular and intr = A 
cellular cavities. (A) YiiP dimer is 
viewed from the membrane 


arrow). TMD and CTD are colored 
cyan and green, respectively. (B) 
‘A.cross section of a YiiP monomer 
with both the front and back 


R11, E79, 0145, and E200 drawn 
as sticks. 


REPORTS f 


‘except that the first B strand in Hah! loops out as 
IL3 in YiiP. The aB-Sa structuml core of CTD 
from H1 to H2 can be superimposed onto the 
‘equivalent portion of Hahl with a root mean 
‘square deviation of 1.8 A for 42 common Ca 
positions. To date, all known structures of metal- 
lochaperones and their target domains have shared 
a common metallochaperone-like fold (22, 23), 
‘The fold of CTD places it into the same structural 
‘category as a possible Zn”* receiving domain. 
‘Anomalous difference Fourier maps of 
native crystals were computed using experimen- 
tal phases and diffraction data collected at the 
ine edge. Four strong anomalous peaks indicate 
the presence of four Zn**-populated sites 
(designated as ZI to Z4) in each protomer 
(Fig. 4). Calorimetrie titrations of EDTA pre- 
treated YiiP yielded 2.6 Zn** stoichiometric 
units per YiiP protomer, corresponding to two: 
Zn**-binding sites with an overall dissociation 
‘constant (Ky) of 0.24 uM and a low-aftir 
‘component (Ay = 145 uM) (/6). The free Zn” 
concentration in the crystallization solution is 
bulered by citrate within the micromolar range 
(24); thus, only the two high-affinity sites (Ky = 
0.24 M) may have been mostly saturated to 
‘become visible in electron density maps. Anom- 
‘alous peak heights from site Z1 to Z4 increase 
progressively from 4.6 and 5.8 to 9.6 and 9.6 , 
revealing a rank order of Zn°* occupancy con- 
‘sistent with Z1 and Z2 as being EDTA chelatable, 
and Z3 and Z4 as EDTA resistant, The EDTA- 
resistant sites did not respond to calorimetric 
titrations, but they likely exist because pro- 
longed EDTA chelation denatured YiiP (25), 
‘The Zn™ in site Z1 is tetracoordinated by 
highly conserved D45, D49 from TM2, and 
HIS3, D1S7 from TMS (Fig, 4). All these res- 


SCIENCE VOL 317 21 SEPTEMBER 2007 


1747 


Reon 


1748 


idues are essential for Zn”* transport activity 
(7), The tetrahedral coordination is a preferred 
‘geometry for Zn’ binding. Consistently, metal 
binding to cysteine substitutes of D49 and D137 
is selective for Zn” and its isomorphous Cd" 
bbut discriminative against Ca", Mg”, Ni? 
Co, and Mn®, all of which favor different 
coordination geometics (16, 17). Site ZI is 
located near the bottom of the extracellular 
cavity and exposed to aliphatic lipid chains, 
‘where hydrophobic mismatch between packing 
lipids and the imegular cavity surface may 
create water-filled packing defects in the lipid 
matrix, 

The Zn” in site Z2 binds to the intracellular 
loop that connects TM2 and TM3 (IL1) (Fig. 4). 
‘This loop is semiconserved and harbors many 
potential Zn°* ligating residues. Side chains in this 
region are not well resolved, but the primary Zit” 
‘coordination shell appears to involve D68 and 
H7S. Additional coordination residues may com- 
plete the tethedral coordinate geometry, Al 
{hough the functional role of site Z2 has yet to 
‘be defined, its involvement in subunit dimeriza- 
tion is evident Site 22 is adjacent to a cluster of 
highly conserved residues at the dimer interface, 
including $72 and F73 from IL1, K77 and L81 
from the amino end of TM3, and L205, L206, and 
D207 from IL3 of the neighboring subunit. These 
residues. make direct hydrogen bonds and Van 
dor Waals interactions across the dimer interfice.. 

Located within a cleft between two CTDs, 
sites Z3 and Z4 appear to be bridged by the 
highly conserved D285 through a bidentate co- 
‘ordination (Fig. 4), The two Zn” ions align 
nearly perpendicular to the long axis of the 
sheet, hereby straddling all three B strands of 
‘one subunit and coordinating residues from H2 
of the neighboring subunit. Unambiguous 
placement of side chains was not feasible in 
the Prsheet region, but it is evident that the 


Fig. 4. Zn” binding sites. 
2 ions are represented 
by red spheres. The over- 
all locations of sites 23 
to 24 in the Viip dimer 
are circled. Protein res- 
‘dues (cyan and yellow) 
and their experimental 
electron densities (light 
‘gjan) at 1.2 « contour 
levels overlay zinc dfer- 
‘ence anomalous Fourier 
‘maps (blue) contoured at 
35 0, 40.6, and 6.00 
for sites 21, 22, and 23- 
74, respectively. 
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binuclear Zn™* binding establishes a coordina 
tion network at least involving H232 from S1, 
H283 and D285 from $3, and H261 from H2 of 
the neighboring subunit. Furthermore, 3 two- 
fold related binuclear Zn** cluster is located on 
the opposite side of the CTD dimer interface 
(Fig. 4), The positioning of two Zn" clusters 
and their resistance to EDTA chelation sug- 
gest a structural role that they may play in 
strengthening the dimerization contact. 

The structure of YiiP provides a model for 
rationalizing mutagenic results from CzcD and 
ZitB (26) (Fig. 1). In TMI, a Cac" mutation 
abolished the transport activity. The YiiP equiv- 
alent of CzcD™" is a membrane-embedded 
K27, which seems to be stabilized by D4S of 
site Z1. In CzeD, an H49 is in place of YEP, 
which is incapable of stabilizing the positive 
charge on CzeD™"*. In TM2, mutations of 
C2cD"", CzeD°, ZitB!*, and ZitB?” 
resulted in functionless proteins, because their 
‘YiiP equivalents (D45 and D49) contribute to 
site Z1. In TMS, ZitBS!* is required for func- 
tion, and its YiiP equivalent (T128) wedges 
between TMI and TMS into a hydrophobic 
pocket near site ZI. In TMS, mutations, of 
Cad, CzeD"™, Zit, and ZitB?"” 
abolished transport activity, and these residues 
in YiiP (H1S3 and D157) contribute to site Z1 
Near the amino end of TM6, a strictly conserved 
YiiP®"”” is involved in erystal contacts, 
‘obscuring its functional implications. in addi 
tion, ZitBE*, CzecD'P"*, and CzeD™ 
impaired transport activity. Their YiiP equiv= 
alents are all involved in dimerization contacts. 
The emerging pattem of structure-function 
correlation is the clustering of loss-of-function 
mutations around site Z1 and the dimer inter- 
face. Although two TMDs in the YiiP structure 
swing out as separated transmembrane unit, 
dimerization seems essential for YiiP function. 
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The low-resolution YiiP structure is charac- 
terized by two waterfilled cavities, which 
collectively penetrate more than haf of the mem- 
‘brane thickness from opposite membrane sur- 
faces. The tetrahedral Zn” binding site (ste Z1) 
near the bottom of the extracellular cavity is 
separated from a cluster of conserved residues 
located near the dome of the intracellular cavity. 
‘Although no Zn*” binding was observed within 
the intracellular cavity of the current structure, a 
‘similar cation (Cd*") can be placed at the cavity 
entrance by superimposing one subunit of an 
Hahl-Ca""-Hahl dimer onto the YiP CTD. We 
propose that the binding of a putative Zn** 
metallochaperone to YiiP CTD may deliver a 
cytoplasmic Zn** to the intracellular cavity 
where the Zn** is then translocated across the 
membrane to site Z1 in the extracellular cavity. 
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Multicolor Super-Resolution 
Imaging with Photo-Switchable 


Fluorescent Probes 


‘Mark Bates,* Bo Huang,” Graham T. Dempsey,* Xiaowei Zhuang”*** 


Recent advances in far-field optical nanoscopy have enabled fluorescence imaging with a spatial 
‘resolution of 20 to 50 nanometers. Multicolor super-resolution imaging, however, remains 3 
challenging task. Here, we introduce a family of photo-switchable fluorescent probes and 
demonstrate multicolor stochastic optical reconstruction microscopy (STORM). Each probe consists 
‘of a photo-switchable “reporter” fluorophore that can be cycled between fluorescent and dark 
states, and an “activator” that facilitates photo-activation of the reporter. Combinatorial pairing of 
reporters and activators allows the creation of probes with many distinct colors. iterative, color- 
specific activation of sparse subsets of these probes allows their localization with nanometer 
accuracy, enabling the construction of a super-resolution STORM image. Using this approach, we 
demonstrate multicolor imaging of DNA model samples and mammalian cells with 20- to 
30-nanometer resolution. This technique will facilitate direct visualization of molecular 


interactions at the nanometer scale. 


5 one of the most versatile imaging 
Aw in biology, fluorescence mi- 
roscopy allows noninvasive imaging of 
Cells and tissues with molecular specificity. The 
availability of fuorescent probes in many colors 
and the ability to label specific gene products 
enable visualization of molecular interactions in 
biological simples. However, the spatial resolu- 
tion of optical microscopy, classically limited by 
the diffraction of light to ~300 nm, is incon- 
venient situated ane to two onders of magni- 
tude above the typical molecular length sealesin 
cells Various "super-resolution” optical imaging 
techniques have been developed to overcome 
this limit (/, 2)- Among these methods, stimu- 
lated emission depletion microscopy (STED) 
nd reversible saturable optically linear fluores- 
ccent transition (RESOLFT) techniques (2, 3), 
saturated structured illumination microscopy 
(SSIM) (4), stochastic optical reconstruction 
microscopy (STORM) (5), and photoaetivated 
localization microscopy (PALM) (6, 7) have 
achieved 20- o 50-nm resolution inthe far field 
and promise to preserve the inherent nonin- 
vasive imaging capability of optical microscopy. 
In certain cases, binding kinetics or translational 
‘motions of individual molecules have also been 
used to map out high-resolution structures in 
calls (8-10). 
‘Nonetheless, multicolor superresolution im 
aging remains a difficult task, leaving many 
biological questions beyond the reach of optical 


School of Engineering and Applied Sdences, Harvard 
Univesity, Cambridge, MA 02138, USA. “Howard Hughes 
Medical Institute, Hanard Univesity, Cambridge, MA 0213 
USA. ‘Department of Chemistry and Chemical Biology, Harvard 
University, Cambridge MA 02238, USA “radte Program in 
Biophysics, Hanard Univesity, Cambridge, MA 02138, USA. 
Deparment of Physics, Harvard Urivrsty, Cambridge MA 
02138, USA. 

“To whom correspondence should be addressed. E-mail: 
huang@ chemi harvardbedy 


www sciencemag.org 


methods. Among the various multicolor imag- 
ing techniques, fluorescence resonance energy 
transfer (FRET) is panicularly powerful for 
probing molecular interactions on the nanometer 
scale (1-14), although it is difficult to deter- 
‘mine the precise locations and organizations of 
molecules from a FRET image, Fluorescence 
‘colocalization offers another approach to detect 
‘molecular interactions, but has traditionally been 
used within the boundaries of diftraction-limited 
imaging and would benefit from a combination 
‘with super-esolution techniques (/5). Here, we 
report a family of photo-switchable probes with 
distinct colors and demonstrate multicolor 
‘STORM imaging with 20- to 30-nm resolution. 

STORM relies on the detection of single 
fluorescent molecules (/6) and the localization 
of these molecules with nanometer accuracy 
(17-21), Limited only by the number of photons 
detected (17), localization accuracies as high as 
0.1 to 1 nm can be achieved for bright fuo- 
escent or scattering objects (22-25), By using 
photo-switchable probes, one can modulate 
the fluorescence emission profile of individual 
fluorophores in time such that only an optically 
resolvable subset of fluorophores are activated at 
any moment, allowing their localization with 
high accuracy. Over the course of multiple ac- 
tivation cycles, the positions of numerous fluoro 
phores are determined and used 10 construct 3 
high-resolution STORM image (5-7). The de- 
velopment of multicolor STORM thus depends 
cn the construction of bright, photo-switchable 
probes with distinct colors. 

To search for chromatically distinguishable 
photo-switchable probes, we turned to cyanine 
‘dyes with various lengths of polymethine chains 
(fig. Sl) (26-28). We constructed a series of dye 
pairs, each consisting of a cyanine dye and a 
shorter-wavelength chromophore, as inspired by 
‘our earlier work on photo-switchable Cy5 (27). 
‘These dye pairs were conjugated to double- 
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stranded DNA or antibody and immobilized on 
microscope slides for single-molecule detection 
(26). A series of cyanine dyes with distinct 
absorption and emission spectra displayed r0- 
‘bust photo-switching behavior when paired with 
‘a Cy3 molecule in clase proximity (fig. $1) (26). 
Figure 1A shows fluorescence time traces 
‘obtained from single molecules of Cy3, Cy5.5, 
‘and Cy7 as they undergo multiple switching 
ceycles. Upon illumination with a red laser (657 
nm), each of the three dyes was initially 
fluorescent and then quickly switched into a 
nonfluorescent, dark state. A brief exposure to a 
_green laser pulse (532 nm) led to reactivation of 
the dyes back to the fluorescent state, Without a 
proximal Cy3, the reactivation of CyS, CyS 
‘Cy7 was barely detectable under our excitation 
conditions. We therefore refer to the Cy3 dye as 
the “activator” and CyS, Cy8.S, of Cy7 as the 
‘photo-switchable “reporter” These reporters typ- 
ically can be switched on and off forhundreds of 
cycles before permanently photobleaching. 

The rate constant of switching from the 
fMuorescent to the dark state, designated ky 
scaled linearly with the red laser power (Fig. 1B). 
Consistent with this observation, the avera 
number of photons detected per switching eycle 
\was a constant, independent of the laser power. 
‘The number of photons detected was ~3000 for 
(CyS and CyS.5 and ~$00 for Cy7 under prism- 
{ype total internal reflection fluorescence (TRF) 
imaging geometry, and these numbers doubled 
‘under objective-type TIRF imaging geometry 
(26). The activation rate, ky from the dark t the 
uorescent state, was linear with respect to the 
green laser power (Fig, 1B). The linear 
‘dependence of both rate constants extended over 
the entire range of laser powers tested, suggesting 
that faster switching rates are possible at higher 
laser intensities, As shown previously, theit 
distinct emission spectra (fig. S1) allow Cy5, 
‘CyS.5, and Cy7 to be distinguished atthe single- 
molecule level (29), suggesting one approach to 
accomplish multicolor STORM imaging. 

‘The above results indicate that chromatically 
distinguishable photo-switchable reporters can be 
activated by the same activator dye. As a further 
‘exploration, we tested whether other dyes with 
distinct spectral properties can be used as 
activators. To this end, Cy3, Cy2, and Alexa 
Fluor 405 (fig. S1) (26) were paired with CyS. 
Switching traces for individual pairs are shown in 
Fig. IC. Again, CyS was quickly switched into 
the dark state upon illumination with a red laser. 
‘The activation of Cy5, however, required different- 
colored lasers corresponding to the absorption 
wavelengths of the activators. The Alexa 405- 
CyS pair was efficiently activated by a violet 
laser (405 nm), but was much less sensitive to 
blue (457 nm) and green (532 nm) activation 
light. Similarly, the Cy2-CyS pair and Cy3-CyS 
pair were most sensitive to the blue and green 
lasers, respectively. To determine the activation 
specificity quantitatively, we measured the acti- 
vation rate constants for these dye pairs at the 
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three wavelengths: 405, 457, and 532.nm. For 
each wavelength, the pair with the appropriate 
activator was activated rapidly, with a rate atleast 
10 times as high as those measured for the other 


specificity 


Fig. 1. Photo-switchable probes 
constructed from activator- 
reporter pairs. (A) Spectrally 
distin reporters exhibit photo- 
switching behavior. The lower 
panel shows the fluorescence 
time traces of three photo 
switchable reporters CyS_ (dark 
yellow ine), CyS.5 (redline), and 


two pairs (Fig. 1D), indicating high activation 


This selective activation provides a second 
parameter for multicolor detection. Not only can 


different activator-reporter pairs be distinguished 
by their emission color, as determined by the 
reporter dye, but they can also be differentiated 
by the color of light which activates them, as 


° 


‘tivation 
pulses 
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Cy7 (brown tine), each paired 
with a C/3 dye as the activator ° 
‘on a DNA construct. The upper 
panel shows the green laser 
pulses (532 nm) used to activate 
the reporters. The red laser (657 
1m) was continuously on, serving 
10 eacite fluorescence from the 
reporters and to switch them to 
the dark state. Traces were 
shifted relative to each other for 
clarity. (B) Switching rate con 
stants yy and ky of the Cy3- 
(5, C/B-G)5.5, and G/3-Cy7 
pais asa function of green and 
fed laser power. Error bars 
‘indicate SEM from about three data sets. The laser power to intensty clbration 
may vary between diferent samples because of moderate differences in the laser 
spot size at the sample. (©) The same reporter can be activated by specraly 
distinct activators. The lower panel shows the fluorescence time traces of (5 
paired with three different activators, Alexa 405 (magenta line), Cy2 (blue line), 
and C3 (green line). The upper panel shows the violet (405 iim, magenta tne), 
blue (457 nm, blue ine), and green (532 nm, green tne) activation pulses. (D) 
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Fig. 2. Three-color STORM imaging of a model DNA 
sample. (A) Three-color STORM image of three different 
DNA constructs labeled with Alexa 405-Cy5, Cy2-Cy5, or 
Cy3-Cy5 mixed at a high surface density on a microscope 
slide. The image was plotted by rendering each locatiza- 
tion as a Gaussian peak, the width of which was scaled 
with the theoretical localization accuracy given by the 
number of photons detected (26). Each colored spot in 
this image represents a cluster of localizations from a 
single ONA molecule. A conventional fluorescence image 
‘of the same area is shown in fig. $3 for comparison. (B 
and ©) Higher-magnification views of the boxed regions 
in (A) show several examples of closely spaced DNA 
molecules. Each localization was plotted as a cross, 
colored according to the following cade: If the molecule 
was activated by a 405-, 457-, or 532-nm laser pulse, the 
color of the cross was assigned as blue, green, or red, 
respectively. (D) The localization distributions of the blue, 
‘green, or red clusters. The two-dimensional histograms of 
localizations were generated by aligning multiple (50 to 
60) clusters by their center of mass. The histograms were 
fit to a Gaussian profile to determine their AVHM. 
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Normalized activation rate constants of the three dye pairs at three activation 
wavelengths: 405, 457, and $32 nm. The ky values of Alera 405-Cy5, Cy2-Cy5, 
and G3-Cy5 were used for normalization at 405, 457, and 532 nm, respective. 
The absolute activation rates were rapid for each pair tits corresponding optimal 
wavelength, with values of 10 * or greater at only a few hundred jW of laser 
‘power. The activation rate of the Aleta 405-CyS pair by the 532-nm laser was too 
small to be measured reliably. 
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determined by the activator dye. A combinatorial 
pairing of the three reporters and three activators 
reported here could generate up to nine distin- 
‘guishable fluorescent probes, but requires only 
four light sources for excitation and three 
spectrally distinct channels for detection. Photo- 
switching appeared not to be limited by the spec- 
tral separation between the dyes, as illustrated by 
efficent activation of Cy7 by Alexa 405 (fig. S2), 
even though the two dyes lie at opposite extremes 
Of the visible spectrum with absorption maxima 
~350 nm apart (fig. S1) (26). We expect this 
combinatorial scheme (0 substantially expand 
multicolor imaging capabilities. st both con- 
ventional and subdiffraction limit resolutions. 
Here, we use the selective activation scheme 
asain initial demonstration of multicolor STORM 
imaging. Three different DNA constructs labeled 
with Alexa 405-Cy5, Cy2-CyS, or Cy3-Cys 
were mixed and immobilized on a microscope 
slide ata high surface density such that individual 
DNA molecules could not be resolved in a con- 
Ventional fluorescence image (Fig, $3) (26). To 
‘generate a STORM image, the sample was first 
exposed 10 a red laser (633 nm) to switch off 
nearly all CyS dyes in the field of view. The 
sample was then periodically excited with a 
sequence of violet (405 nm), blue (457 nm), 
‘green (532 nim) laser pulses, each of which ac- 


tivated a sparse, optically resolvable subset of 


fluorophores, In between activation pulses, the 
sample was imaged with the red laser. The imag 
fof each activated fluorescent spot was analyzed 
to determine its centroid position (referred to as a 
localization), and a color was assigned according 
to the proceding activation pulse. Because the 
‘same imaging laser and detection channel were 
used forall three dye pairs, there was no nced for 
correction of chromatic aberration. Afler thou- 


‘sands of activation cycles, a STORM image was 
constructed by plotting all of the colored local- 
izations (Fig, 2, A to C), In contrast to the 


‘conventional image (fig. $3), the STORM image 
showed clearly separated clusters of localiza- 
tions, each cluster corresponding to an individual 
DNA molecule and resulting from repetitive lo- 
calizations of a single CyS molecule over multi- 
ple switching cycles. Most of the localizations 
within cach cluster displayed the same color, 
identifying the type of activator dye present on 
the DNA and illustrating multicolor imaging 
capability through selective activation. We iden- 
tified two origins of crosstalk between colors 
false activation by laser pulses of incorrect colors 
(for example, activation of the Cy3-CyS pair by 
‘blue pulses) and nonspecific activation by the red 
imaging laser (26). Both effects were quantita- 
small (Lig. $4) (26). The localizations with- 
ch cluster approximately follow a Gaussian 
distribution with a full width a half maximum 
(FWHM) 0f 26 + | nm, 251 nm, and 24+ 1 nm 
forthe Alexa 405, Cy2, and Cy3 clusters, respec- 
tively (Fig. 2D), suggesting an imaging resolu- 
tion of ~25 nm for three-color STORM imaging. 
This resolution is lower than the theoretical limit 
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predicted from the number of photons detected 
(26), likely due to the residual stage drift that 
‘was not completely accounted for by the drift 
correction. 

Applying STORM to cell imaging, we first 
performed single-color immunofluorescence im- 
aging of microtubules, filamentous cytoskeleton 
structures important for many cellular functions. 
BS-C-I cells were immunostained with primary 
antibodies and then with activator-eporter 
labeled secondary antibodies (26). Cy3 was used 
as the activator and Alexa Fluor 647, a cyanine 
dye with structural, spectral, and photo-switching 
properties very similar to thase of CyS, was used 
as the reporter (fig. Sl). The STORM image 
shows a drastic improvement in the resolution of 
the microtubule network as compared to the 
conventional fluorescence image (Fig. 3, A to F) 
In the regions where microtubules were dens 
ly packed and undefined in the conventional 
image, individual microtubule filaments were 
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y resolved by STORM (Fig. 3, Cto F). For 
example, two filaments 80 nm apart appeared 
well separated in the STORM image (Fig. 3G), 
Whole-cell STORM images, including ~10° 
single-molecule localizations, were acquired in 2 
to 30 min, an improvement of one to two onders of 
magnitude over the previously reported imaging 
speed of PALM (6). Superresolution microtubule 
structures began to emerge after only 10 10 20 sof 
STORM imaging, 

iermine the imaging resolution more 
ely, we identified pointlike objects in 
the cell, appearing as small clusters of local- 
izations away from any discemable microtubule 
filaments, These clusters likely represent indi- 
vidual antibodies nonspecifically attached to the 
cell. The width (FWHM) of the localization 
clusters was 24 + 1 nm (fig. $5) (26), giving a 
measure of the image resolution inside the cell 
Next, we measured the apparent. width of an 
individual microtubule filament in the STORM 
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Fig. 3. STORM imaging of microtubules in a mammalian cell. (A) Conventional immunofluorescence 
image of microtubules in a large area of a BS-C-1 cell. (B) STORM image of the same area. (C and E) 
Conventional and (D and F) STORM images corresponding to the boxed regions in (A). (G) Cross-sectional 
profiles of two nearby microtubule filaments in the cel. The inset shows the STORM image, and the 
histogram shows the cross-sectional distribution of localizations within the small regions specified by the 
white box. (H) Cross-sectional profile of a microtubule segment determined from the STORM image. A 
relatively long segment (~7 jum) was chosen to obtain good statistics. The histogram shows the cross 


sectional distribution of localizations. The green lin 


a single Gaussian fit with FWHM = 51 nm. The red 


line shows the fit obtained by convolving a rectangular function of width = d with a Gaussian function of 
FWHM = r. The fit yields d = 56 nm and r= 22 nm, corresponding to the antibody-coated microtubule 


width and the imaging resolution, respectively. 
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image by examining its cross-sectional profile. 
Figure 3H shows a cross-sectional distribution, 
of localizations for a microtubule segment. A 
simple Gaussian fit to the profile yielded a 
FWHM of S1 nm but deviates significantly from 
the actual distribution, which appeared flat- 
topped presumably due to the finite width of 
the microtubule. A better fit was obtained by 
simulating the actual microtubule cross-section 
as a rectangular function of width d, but 
convolving it with a Gaussian function with 
EWHM r to model our image resolution. From 
the fit, we obtained an intrinsic imaging 
resolution of r= 22 nm, consistent with th 

localization accuracy determined from the point 
like objects. The microtubule width derived 
from the fit, d= $6 nm, is in agreement with 
the 60-nm width of antibody-stained micro- 
tubules previously determined by electror 
croscopy (30). However, this apparent width is 
significantly larger than the diameter of a bare 


‘microtubule without antibody coating, pointing 
out a commonly appreciated aspect of super- 
resolution imaging—the effective resolution is 
determined by a combination of the intrinsic 
imaging resolution and the size of the labels. 
Improvement in the effective resolution may be 
achieved by using direct immunofluorescence 
staining with dye-labeled primary antibodies or 
Fab fragments 

To demonstrate multicolor STORM imaging 
in cells, we simultaneously imaged microtubules 
and clathrin-coated pits (CCPs), cellular struc- 
tures used for receptor-mediated endocytosis. Mi 
crotubules and clathrin were immunostained with 
Primary antibodies and then activator-reponer 
labeled secondary antibodies. The activator 
reporter pairs used were Cy2-Alexa 647 for 
microtubules and Cy3-Alexa 647 for clathrin, 
The 457- and $32-nm lasers were used to 
selectively activate the (wo pairs. Cross talk 
between the two color channels due to false and 


Fig. 4. Two-color STORM imaging of microtubules and CCPs in a mammalian cell. (A) STORM 
image of a large area of a BS-C-1 cell. The secondary antibodies used for microtubule staining were 
labeled with Cy2 and Alexa 647, and those for clathrin were labeled with Cy3 and Alexa 647. The 
457- and 532-nm laser pulses were used to selectively activate the two pairs. Each localization was 
false colored according to the following code: green for 457-nm activation and red for $32-nm 
activation. (B) STORM image corresponding to the boxed region in (A) shown at a higher 
magnification. (C) Further magnified view of the boxed region in (B). 
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nonspecific activations was subtracted from the 
image after statistical analysis (26). Figure 4 
shows the two-color STORM image presented 
at different scales. The intrinsic imaging resolu- 
tion, as determined from the FWHM of pointlike 
clusters of localizations, was 30+ 1 nm for each 
1s, slightly larger than 
the resolution determined for the single-color 
STORM images (fig. $6) (26). The green chan- 
el (437-nm activation) revealed filamentous 
structures as expected for microtubules, with a 
width quantitatively similar to that obtained 
from the single-color STORM image. The red 
channel revealed predominantly. spherical 
structures, representing clathrin-coated pits and 
vesicles (Fig. 4 and fig, S7A) (26), In contrast to 
the STORM images, the conventional TIRF 
images of CCPS appeared as diffraction-limited 
spots without any discemable shape (Fig. $7), 
Side-by-side CCPs that were clearly resolved by 
STORM appeared as a single spot in the 
conventional image (fig. S7A), Many of the 
spherical CCPS appeared to have a doughn 
shape with a higher density of localizations toward 
the periphery, which is consistent with the two- 
dimensional projection of a three-it 
cage structure, Finally, the STORM image al 
lowed us to measure the size distribution of CCP 
(fig. S7B), which agrees quantitatively with the 
size distribution determined by electron micros- 
copy (3/). In summary, our two-color STORM 
images of cells clearly revealed ultrastry 
information not discemable in conventional flu- 
1 images, This technique may be readily 
expanded to include more colors by using the 
photo-switchable activator-reporter pairs re- 
ported here, substantially enhancing our ability 
visualize molecular interactions in cells and 
tissues. Further development of cell-delivery 
methods with molecular specificity will facilitate 
with these probes (/4, 32). 


of the two color chan 


asional 


live cell imagin 
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Widespread Lateral Gene Transfer 
from Intracellular Bacteria to 
Multicellular Eukaryotes 
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‘Although common among bacteria, lateral gene transfer—the movement of genes between 


distantly related organisms—is thought to occur only rarely between bacteria and multicellular 
‘eukaryotes, However, the presence of endosymbionts, such as Wolbachia pipientis, within some 
‘eukaryotic germlines may facilitate bacterial gene transfers to eukaryotic host genomes. We 
therefore examined host genomes for evidence of gene transfer events from Wolbachia bacteria to 
their hosts, We found and confirmed transfers into the genomes of four insect and four nematode 
species that range from nearly the entire Wolbachia genome (>1 megabase) to short (<500 base 
pairs) insertions. Potential Wolbachia-to-host transfers were also detected computationally in three 
additional sequenced insect genomes. We also show that some of these inserted Wolbachia genes 
are transcribed within eukaryotic cells lacking endosymbionts. Therefore, heritable lateral gene 


transfer occurs into eukaryotic hosts from their prokaryote symbionts, potentially providing a 
mechanism for acquisition of new genes and functions. 


he transter of DNA between diverse 
‘organisms, lateral gene transfer (LGT), 
facilitates the acquisition of novel gene 
functions, Among Eubacteria, LGT is involved 
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in the evolution of antibiotic resistance, patho- 
genicity, and metabolic pathways (/). Rare LGT 
events have also been identified between higher 
eukaryotes with segregated germ cells (2), 
demonstrating that even these onganisms can 
sequire novel DNA. Although most described 
LGTevents occur within. single domain of life, 
LGT has been described both between Eu 
bacteria and Archaea (3) and between prokar- 
yotes and phagotrophic unicellular eukaryotes 
(, 5). However, few interdomain transfers 
involving higher multicellular eukaryotes have 
been found. 

Wolbachia pipiemts isa maternally inherited 
endosymbiont that infects a wide range of 


v 


arthropods, including at least 20% of insect 
species, as well as filarial nematodes (6), It is 
present in developing gametes (6) and so 
provides circumstances conducive for heritable 
transfer of bacterial genes to the eukaryotic 
hosts. Wolbachia-host transfer has been 
described in the bean beetle Callosobruchus 
chinensis (7) and in the filarial nematode 
Onchocerca spp. (8). 

We have found Wolbachia inserts in the 
genomes of additional diverse invertebrate taxa 
including fruit Mies, wasps, and nematodes. A 
comparison of the published genome of the 
Wolbachia endosymbiont of Drosophila mela- 
nogaster (9) and assemblies of Wolbachia clone 
mates (/0) from fruit fly whole-genome shotgun 
sequencing data revealed a large Wolbachia 
insert in the genome of the widespread tropical 
fruit ly D. ananassae. Numerous contiguous, 
‘overlapping, clone sequences (contigs) were 
{ound that harbored junctions between Drosoph- 
ila retrotransposons and Wolbachia genes. The 
large number of these junctions and the deep 
sequencing coverage across the junctions indi- 
‘cated that these inserts were probably not duc to 
chimeric libraries of assemblies. To validate these 
‘observations, we amplified five Drosophila 
Wolbachia junctions with polymerase chain 
reaction (PCR) and verified the end sequences 
for three of them, Fluorescence in situ hybridiza- 
tion (FISH) of banded polytene chromosomes 
with fluorescein-labeled probes of two Molbachia 
genes (/1) revealed the presence of Wolbachia 
‘genes on the 2L chromosome of D. ananassae 
(Fig. 1). 

‘We found that nearly the entire Wolbachia 
genome was transfered 1 the fly nuclear 
genome, as evidenced by the presence of PCR- 
amplified products from 44 of 45 physically 
distant Wolbachia genes in cured strains of D. 
‘ananassae Hawaii verified by microscopy to be 
lacking the endosymbiont after treatment with 


Fig. 1. Fluorescence microscopy evidence supporting Wolbachia/host LGT. DNA in the polytene 
chromosomes of D. ananassae were stained with propidium iodide (red), whereas a probe for the 
Wolbachia gene WD_0484 bound to a unique location (green, arrow) on chromosome 2L. 
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antibiotics (fig. $1) (17). In contrast, only 
spurious, incorrectly sized, and weak amplifica- 
tion was detected from a cured control line lacking 
these inserts (Townsville). The 45 genes assayed 
(table S1) are spaced throughout the Molbachia 
‘genome. Thus, the high proportion of amplified 
ones suggests gene transfer of nearly the entine 
Wolbachia genome to the insect genome. 

‘A 14-kb region containing four Wolbachia 
‘genes with two retrotransposon insertions was 
sequenced (1/) from a single bacteria artificial 
chromosome (BAC), constituting an indepen- 
dent source of DNA as compared with the 
largely plasmid-derived whole-genome sequence 
of D. ananassae. The two retroelements each 
contained S-base pair (bp) target site duplica- 
tions (9/10 bp identical), long terminal repeats, 
and gag-pol genes (Fig. 2A) indicating that the 
Wolbachia inser is accumulating retroclements. 
Insertion of this region appears to be recent, as 
shown by the nearly identical target site duplica- 
tions and the >90% nucleotide identity between 
‘cortesponding endosymbiont genes and sequenced 
homologs in the D. ananassae chromosome, 

Crosses between Wolbuchiastree Hawaii 
‘males (with the insert) and Wolbachia-free 
Mexico females (without the insert) revealed 
‘that the insert is patemally inherited by offipring 
‘of both sexes, confirming that Wolbachia genes 
are inserted into an autosome. Because Wolbachia 
infgetions are matemally inherited, this also con- 
firms that PCR amplification in the antibiotic~ 
‘treated line is not due to an undetectable infection, 
Furthermore, the Hawali and Mexico crosses 
revealed Mendelian, autosomal inheritance of 
Wolbachia inserts {patemal N = $7, proportion 
of offspring with Holbachia genes (k) = 0.49; 
material N= 40, 4 = 0.58}, Six physically distant, 
inserted Wolbachia genes perfectly cosegregated 
in F; matemal inheritance crosses(1/), suggesting 
they also are closely Linked. 

PCR amplification and sequencing (1/) of 45 
Wolbachia loci in 14 D. ananassae tines trom 
‘widely dispersed geographic locations revealed 
large Wolbachia inserts in lines from Hawaii, 
Malaysia, Indonesia, and India (table $2), 
‘Sequence comparisons of the amplicons from 
these four lines revealed that all open reading 
frames (ORFs) remained intact with >99.9% 
identity between inserts. This is compared to an 
average of 97.7% identity for the inserts 
compared with wMel, the Molbachia endo- 
symbiont of D. melanogaster. These results 
indicate the widespread prevalence of D. 
ananassae strains with similar inserts of the 
Wolbachia genome, probably because of a 
single insertion from common ancestor. 

In addition, reverse transcription PCR (RT- 
PCR) followed by sequencing (//) demonstra- 
ted that ~2% of Molbachia genes (28 of 1206 
‘genes assayed: table S3) are transcribed in cured 
adult males and females of D. ananassae 
Hawaii, The complete 5 sequence of one of 
the transcripts, WD_0336, was obtained with 
‘5‘rapid amplification of CDNA ends (RACE) on 
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uninfected fies (/7), suggesting that this 


eukaryotic postiranscri 
Analysis of the transcript quantities of inserted 
Wolbachia genes with quantitative RT-PCR 
(GRT-PCR) (17) revealed that they are 10° times 
to 10” times less abundant than the fly's highly 
transcribed actin gene (actSC; table $3). There is 
no cutoff that defines biologically relevant 
amount of transcription, and assessment of 
transcription in whole insects can obscure 
important tissue-specific transcription. Therefore, 
it is unclear whether these transcripts are 
biologically meaningful, and further work is 
needed to determine their importance, 


A 


‘Screening of public shotgun sequencing data 
sets has identified several additional cases of LGT 
in different invertebrate species. In Wolbachia~ 
cured strains of the wasp Nasonia, six small 
Wolbachia inserts (<S00 bp) were verified by 
PCR and sequencing (/1) that have >96% nucle~ 
‘tide identity to native MolBachia sequences, in 
‘some cases with short insertion site duplications, 
‘These include four in Nasonia vitripennis, one in 
N. giraulti, and. one in N. longicornis (table SA 
and Fig. 2B). Amplification and sequencing of 
14 to 18 geographically diverse strains of each 
species indicated that the inserts are species- 
specific. For example, three Wolbachia inserts in 
LN. vitripennis are not found in the closely related 
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Fig. 2. Schematics of Wolbachia inserts in host chromosomes. (A) Contigs containing Wolbachia sequences 
generated from the D. ananassae Hawaii shotgun sequencing project are segregated into sequences 
Coming from the endosymbiont (wAna) or from the D. ananassae chromosome (Dana) on the basis of 
presence or absence of eukaryotic genes in the contigs. These are compared to those from the reference 
1D. melanogaster Wolbachia genome (wfiel) and a D. ananassae BAC. NAD, nicotinamide adenine di- 
nucleotide. (B) Fragments of the Wolbachia gene WO_0024 gene have inserted into diferent positions in 
the Ni. giraulti (NG) and N. vitripennis (NV) genomes with unique insertions in each lineage, including 
'N. longicaris (NU. (C) A region in the . immitis genome (Og2) that is transcribed has introns similar to 
sequences from the Wolbachia infecting B, malayi (w8m). All matches in (A) and (B) have >90% nucleotide 
identity, those in (Q have >75% nucleotide identity. TPR, teratrico peptide repeat; CDS, coding sequence. 
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Table 1. Summary of Wolbachia sequences and evidence for LGT in public databases. Junctions were 
validated by PCR amplification and sequencing (22), with the number of successful reactions compared 
to the number attempted. Species marked with a plus sign are described in the literature as being 
infected with Wolbachia. All whole-genome shotgun sequencing reads were downloaded for 26 
arthropod and nematode genomes (12). Organisms identified as lacking Wolbachia sequences either 
thad no match or matches only tothe prokaryotic ribosomal RNA. Because the Nasonia genomes are from 
antibiotic-cured insects, they were identified as having a putative LGT event merely on identification of 
Wolbachia sequences in a read. All other organisms were considered to have putative LGT events if the 
trace repository contained >1 read with G) >80% nuclectide identity over 10% of the read to a 
characterized eukaryotic gene, (i) >80% identity over 10% of the read to a Wolbachia gene, and (i) 
manwal review of the BLAST results for 1 to 20 reads to ensure significance (12). NA, not applicable. 


Total traces Wolbachia 


Junctions Wolbachia 


la screened traces ‘ST alidated infection 
Trace repository sequences 
‘Agyrthosiphon pisum (aphid) 4,285,120 ° + 
‘Aedes aegypti (mosquito) 16,238,263 0 - 
‘Anopheles gambiae (mosquito) 5,456,630 0 - 
‘Apis mellifera (honeybee) 3,941,137 ° - 
Brugia malay (ilarial nematode) 1260214 22,524 «+ = ton + 
Culex pipiens quinquefasciatus (mosquito) 7,380,430 21,308 «= + =O + 
Daphnia pulex (crustacean) 2,724,768 0 - 
D. ananassae \truit fy) 3,878,537 38,605 + = 7 + 
D. erecta (fruit fly) 2,916,936 0 - 
D. grimshawi (fruit fy) 2,874,111 0 - 
. melanogaster (fruit fy) 1,001,855 ) + 
D. mojavenss (fruit fi) 3,130,180 107" ~ - 
D. persimilis (frit fly) 1375313 0 - 
D. pseudoobscura (eit ty) 5,161,792 ° - 
D, sechellia (rut fy) 1,203,722 1 + 00 + 
D. simulans (fruit fly) 2321958 7473 + + 
D. viris (ruit fly) 3,632,492 ° - 
. wilistoni (uit fy) 2332565 2519 — + 
D. yakuba (rut fy) 2,269,952 ° + 
Ixodes scapularis (ick) 13,088,763 44 = + 
'N, giraulti (wasp) 540,102 2 + on + 
1. longicarnis (wasp) 447,736 1 + on + 
WN. vitrpennis (wasp) 3360698 830 +h + 
Pediculus humanus (head touse) 1,480,551 0 + 
Pristonchus.pacificus (nematode) 2,292,543 0 - 
Tribotium castaneum (beetle) 1,918,906 ° - 
GenBank sequence 
Dirofitaria immits (fitariat nematode) NA NA+ + 


This folate was previously shown to have Wolbachia reads ln W Wace vepritories tat are Contminating reads Wom the 


aanassoe genome sequencing project (0). 


species N. giraulti or N. longicornis, which 
diversified ~1 million years ago (/2). These data 
suggest that the Holbachia gene inserts are of 
relatively recent origin, similar to the inserts in 
D. ananassae. 

Nematode genomes also contain inserted 
Wolbachia sequences. Because Wolbachia infec- 
tion is required for fertility and development ofthe 
worm Bregia malavi, the genomes of both 
‘organisms were sequenced simultaneously, com- 
plicating assemblies and leading o the removal of 
Wolbachia reads during genome assembly [>98% 
identity over 90% ofthe read length on the basis 
of the independent BAC-based genome sequence 
of wBm, the Wolbachia endosymbiont of B. 
‘malayi (13)). Despite this, the genome of B. 
‘malayi contains 249 contigs with Wolbachia se- 
‘quences (¢ value < 10), nine of which were con- 
firmed by long-range PCR and end-sequencing, 
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(ID), These include eight large scaffolds con- 
taining >1-kb Wolbachia fragments within 8 kb 
of a B. malayi gene (table $5). Comparisons of 
wBm homologs to these regions suggested that 
all ofthese Wolbachia genes within the B. malayi 
genome are degenerate. In addition, a single re- 
gion <I kb was examined that contains a de- 
generate fragment of the Wolbachia aspartate 
aminotransferase gene (Wbm0002). Its location 
was confined by PCR and sequencing in B 
‘malayi as well asin B.timori and B. pahangi (11). 

Of the remaining 21 arthropod and nematode 
genomes in the trace repositories (//), we found 
six containing Wolbachia sequences. Potential 
Wolbachia-host LGT was detected in three: D. 
sechellia, D. simulans, and Culex pipiens (Teble 1), 
as revealed by the presence of reads containing 
homology to both endosymbiont and host ge- 
rromes (17). 


REPORTS f 


discovery of a Wolbachia insertion in Dirofilaria 
Jimmitis (dog heartworm). The D. immitis Dg? 
chromosomal region encoding the D34 immu- 
‘nodominant antigen (/4, 15) contains Wolbachia 
DNA within its introns and in the 5’ untranslated 
region (5'-UTR) (Fig. 2C). These Wolbachia 
‘genomic fragments have maintained synteny 
With the wBm genome (/3), suggesting they 
may have inserted as a single unit and regions 
were replaced by exons of Dg2. A second gene 
(Dek) bas been identified in other D. immitis 
lines that has 919% nucleotide identity in the exon 
sequences but contains differing number, posi- 
tion, size, and sequence of introns (16) and has 
10 homology to known Holbachia sequences, 
‘Whole cukaryote genome sequencing. proj- 
‘ects routinely exclude bacterial sequences on the 
assumption that these represent contamination. 
For example, the publicly available assembly of 
D. ananassae does not include any of the 
Wolbachia sequences described here. Therefore, 
the argument that the lack of bacterial genes in 
these assembled genomes indicates that bacterial 
LGT does not occur is circular and invalid. 
Recent bacterial LGT to eukaryotic genomes will 
continue to be difficult to detect if bacterial se- 
‘quences are routinely exeluded from assemblies 
without experimental verification. And these LGT 
‘events will remain understudied despite their po- 
{ential to provide novel gene functions and af= 
fect arthropod and nematode genome evolution. 
Because HV pipients is among the most abundant 
intracellular bacteria (7, 18) and its hosts ane 
‘among the most abundant animal phyla, the view 
that prokaryote-to-eukaryote transfers are un- 
‘common and unimportant needs to be reevaluated. 
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Elodie Ghedin,*?# Shitiang Wang,” David Spiro,” Elisabet Caler,” Qi Zhao,? 
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Parasitic nematodes that cause elephantiasis and river blindness threaten hundreds of millions of 
people in the developing world. We have sequenced the ~90 megabase (Mb) genome of the human 
filarial parasite Brugia malayi and predict ~11,500 protein coding genes in 71 Mb of robustly 
assembled sequence. Comparative analysis with the free-tiving, model nematode Caenorhabditis 
elegans revealed that, despite these genes having maintained little conservation of local synteny 
during ~350 million years of evolution, they largely remain in linkage on chromosomal units, 
‘More than 100 conserved operons were identified. Analysis of the predicted proteome provides 
‘evidence for adaptations of 8. malayi to niches in its human and vector hosts and insights into the 
molecular basis of a mutualistic relationship with its Wolbachia endosymbiont. These findings offer 


2 foundation for rational drug design. 


he phylum Nematoda is speciose and 

abundant and, although most species are 

free-living, many are parasitic. Over one- 
third of all humans, mainly in the developing 
world, camy a nematode infection. Parasitic 
‘worms typically cause chronic, debilitating in- 
foctions that are often difficult to treat and that, 
despite the high cost to human health, have been 
neglected in biomedical research, Current 
Knowledge of nematode molecular genetics 
and developmental biology is largely based on 
extensive studies of the free-living, bacterio- 
Vorous species Caenorhabulits elegans. Here, we 
present the initial analysis of the genome of the 
‘human filarial parasite Brugia malayi. 

Brugia malayi is endemic in Southeast Asia 
and Indonesia, Like other filarial nematodes, 
B. malayi develops through four larval stages 
into an adult male or female (fig. S1}), entirely 
Within one of two host species—a mosquito 
vector (Culex, dedes, and Anopheles) and 
hhumans, where adult worms can live for more 
than a decade. B. malayi was chosen for whole- 
‘genome sequencing (J) because it is the only 
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major human filarial pathogen that can be 
maintained in small laboratory animals. Most 
filarial nematodes, including B. malayi, camry 
three genomes: nuclear, mitochondrial (available 
‘at GenBank, accession na. AFS38716), and that 
of an alphaproteobacterial endosymbiont, Wol- 
bachia. We present here the draft assembly and 
annotated genome of the TRS siin of B 
malayi. We provide comparative analyses with 
Caenorhabditis and another well-annotated 
member of the superphylum Eedysozoa, Dro- 
sophita melanogaster, 10 furter illuminate the 
origins of novelty and loss of ancestral characters 
in the model species and the parasite. Compara- 
tive genome analysis reveals key features of 
Nematoda that define the scope of molecular 
diversity that has contributed to the success ofthe 
phylum. The analysis also uncovers adaptations 
that appear to have evolved in the B. malayi 
genome in response to the pressures of parasitism 
and to the presence of the parasite’s Wolbachia 
endosymbiont, wBm. 

The B malayi nuclear genome is organized 
1a five chromosomes (2), including an XY sex- 


determination pair, and has been estimated to be 
80 to 100 megabases (Mb) (3, 4). The sequence 
of the B-malayi nuclear genome was obtained 
to ~9 coverage with the use of whole-genome 
shotgun (WGS) sequencing (J, 5) The sequences 
were assembled into scaffolds totaling ~71 Mb 
‘of data with a further ~17.5 Mb of contigs not 
integrated into any scaffold (orphan contigs). 
The repeat content of the B. malayi genome, 
fstimated at ~15% (/), may have contributed 
significantly to assembly difficulties (5, 6). From 
these sequence data, we estimate that the B, 
‘malay genome is 90 t0 9S Mb (Table 1) (5). In 
‘comparison, the C elegans genome is 100 Mb 
‘and the Caenorhabditis brigesae genome 104 
Mb. The overall G + C content (30.5%) is lower 
than that of C. elegans (35.4%) oF C, briggsae 
B74%) (6) 

The complement of protein-coding genes 
was derived by automated gene prediction from 
the ~71-Mb assembly and by manual annotation 
‘of selected gene families (table $1), The 11,515 
robustly predicted gene-coding regions occupy 
~32% of the sequence at an average density of 
162 genes/Mb (Table 1). 

‘After inclusion of genes estimated to be found 
{in the unannotated portion of the genomic 
sequence (5), we infer that B. mala has between 
14,500 and 17,800 protein-coding genes, agree- 
ing with previous estimates (7). Even the higher 
estimate is lower than the 19,762 (WormBase 
data release WS133) and 19,507 (6) genes re- 
ported for C. elegans and C. briggsae, respoc= 
tively, which suggests that parasitic nematode 
genomes have fewer genes than their fre-liv 
‘counterparts, echoing a pattem observed in bac- 
terial pathogens. 

For the six scaffolds longer than 1 Mb, 
(otaling -25 Mb of the genome, the arrangement 
‘of B. malayi genes was compared with that of 
their C. elegans orthologs (Fig. 1). Linkage is 
in general conserved: For large regions of the 
B. malayi genome, orthologs map predominantly 
to one (or, in the case of scaffold 14972, two) 
C. elegans chromosome(s) (Fig. 1, A tw ©), 
Which indicates maintenance of linkage of these 
‘genes despite ~350 million years of separation 
(8). However, local gene onder is not conserved 
(Fig. 1D). The largest, 65-Mb scaffold contains 
interdigitating blocks of genes that_map to 
chromosomes 4 and X of C. elegans, which 
suggests there were ancient breakage and fusion 
events between linkage groups. These data 
support a model where within-linkage group 
rearrangements have been many times more 
‘common than between-linkage group transloca- 
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tions (7, 9), @ pattem that may be typical of 
nematode genomes (6, 1). 

perons are a common form of gene onga- 
nization in bacteria and some protozoa, but in 
‘Metazoa, operons have been identified only in 
nematodes, platyhelminths, and urochordates 
(U1, 12), Using 1000 base pairs (bp) as the up- 
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per limit of intergenic spacing, 838. potential 
‘operons (5), containing ~1800 genes (16% of the 
total: 2 to S genes per operon), were found in the 
assembled genome (Fig. 2 and fig. S2). Of these 
putative operons, only 10% of the gene pairs 
‘were also in operons in C. elegans (table S2). 
To oblain an estimate of the core com- 
plement of proteins that defines the phylum 
Nematoda, we compared the proteomes of 
B. malayi, C. elegans, and C. brigesae. Com- 
parisons with the arthropod D. melanogaster 
were also mide to help define a list of lineage- 
restricted genes. We identified 3979 sets of 
‘onhologs with representatives in all four species 
and 1726 sets of orthologs limited 10 the three 
nematode species (fig. S3A; tables S3 10 S8). 
The average pairwise identity of B. malayi 
proteins with orthologs from either cacnorhab- 
ditid species is ~48%. The genes conserved in 
nematodes but absent from the fly include 
cathepsin Z-like cysteine proteases, major 
sperm proteins, and cuticle collagens, as well 
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as several families of unknown function, In 
addition, these orthologs were significantly 
‘enriched (2.4- to 44-fold: P> 0.0017) for genes 
with RNA interference (RNAi) phenotypes in 
. elegans (fig. $4), which is consistent with a 
‘gene set essential {0 the core of nematode bio- 
cchemisty and cell biology. These lineage- 
restricted families may define a molecular 
“bauplan” of Nematoda 

‘As noted above, the B. malayi genome ap- 
pears to have fewer genes than C. elegans. On 
‘examination, much of the disparity in gene num 
‘bers can be accounted for by the extent to which 
‘gene families in Bruagia and Caenorhabsltis have 
undergone lineage-specific expansion, More than 
8% of the $780 B. malayi-C, elegans ortholog 
‘clusters were expanded in C elegans (fig. $30). 

Comparing the occurence of protein do- 
mains in B. malayi, C. elegans, C. briggsae, and 
D. melanogaster (figs. S3B and $5 and table 
'S9) revealed, to our surprise, that 8. malayi is 
in some ways more similar to the fly than to 


Table 1. General features and genome content of B. malayi, with C. elegans values for comparison. 
Scaffolds are also called super-contigs, they are assembled into large regions of ordered sequence 
fragments separated by gaps. Orphan-contigs are sequence fragments (contigs) that do not have 
information allowing them to be linked to other fragments and into scaffolds. Singletons are 
sequences that cannot be assembled into sequence fragments (contigs). NSO is a length-weighted 
average of contig or scaffold size, such that the average nucleotide in an assembly will appear in a 


contig (or scaffold) of NSO size or greater. 


Features 8. molayi elegans 
Overall 
Estimated size of genome (Mb) 90-95 
Total number of bp of assembled sequence (bp) 188,363,057 
Number of scaffolds 8,180 
NSO of scaffolds (bp) 93,771 
Maximum length of scaffold (bp) 6,534,162 
Number of bp assembled into scaffolds (bp) 70,837,088 
Number of orphan contigs 18,8 
‘Number of bp assembled into orphan contigs (bp) 17,526,009 
Number of singletons 176,099 
‘Number of bp in singletons (op) 108,289,205 
Protein-coding regions 
Percent of genome containing protein-coding sequence (*%) 17.84 
Number of gene models 11515" 
Number of proteins 11,508 (9,839)" 
Max/average protein length (amino acids) 9,445/371 18,563/440 
Gene density (genes per Mb) 162 28 
Number of exons 83,672 
Mean/median exon size (op) 159/140 307147 
Mean/median number of exons per gene 7.2115, 6.3816 
Number of bp included in exons 13,282,846 
Number of introns 72,57 
Mean/median intron size (op) 311219 320168 
Number of bp included in introns 22,512,502 
‘Mean length of intergenic region (bp) 3,783 2218 
Overall G + C content (%4) 305 35.4 
Exons, G + C content (%4) 39.6 429 
Introns, G + C content (%) 276 29a 
Intergenic regions, G + C content (%) 309 32.5 
Non-protein coding genes 
Transfer RNA (tRNA) genes (+ IRNA pseudogenes) ~233 (426) 
55 ribosomal RNA (found in scaffolds and orphan contigs) ~400 
“This number incdes sven pseogenes. "The number of proteins 200 amino acts lng or ger 
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Fig. 1. Genome orga- 
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nization of & malayi in 
‘comparison with C. ele- 
gans. (A) Genes on the 
eight largest 8 malayi 
scaffolds. The upper pat 
of each scaffold cartoon 
‘represents genes in con- 
served operons (lack) oF 
B, malayi-spectic oper- 
‘ons (red) oF genes notin 
‘operons (gray). The lower 
part indicates genes with 
‘orthologs in C. elegans, 
colored to indicate the 
elegans chromosome 
‘on which the ortholog 
‘is located, (B) Numbers 
‘of genes on the longest 
B, malayi scaffolds that 
hhave orthologs on each 
of the sik C elegans 
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chromosomes. (C) Dis- 
tribution on the six chro 
rmosomes of C elegans 
of orthologs of B. malayi 
‘genes. Onhologs map to 


Relative arrangements of 
the genes on B malayi 
scaffold 14979 and their 
‘orthologs on C elegans 
chromosome 3. Forward- 
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and reverse-strand genes are distinguished (forward on top, reverse below). Red rectangles correspond to putative B. maloyi operons, and black rectangles 


Cotrespond to conserved operon structures. 


the model worms. For example, B. malavi and 
D. melanogaster have similar numbers of genes 
ff the most abundant domains, whereas sev- 
eral of the most abundant domains in the 
‘cacnorhabdltid nematodes rank much lower in 
‘or are absent from the filarial or fly genomes 
(fig. $5), For domains with high abundance in 
all four species, C. elegans tends to have 1.5- to 
2-fold as many instances as do B. malayi or 
D. melanogaster (fig. SS). 

The distinctive biology of B. malay is likely 
to be underpinned by novel proteins with unique 
functions. After extensive comparative analyses, 
20% of the predicted proteins were found to be 
B. malayi-specitic (fig. S6 and table $10). More 
than one-third of the 1977 hypothetical pro- 
teins found only in B. malavé were confirmed by 
B. malayi expressed sequence tags. These genes 
constitute an interesting list of inital candidates 
for functional studies of putatively fkaria-specific 
‘gene products, 

‘The drugs used for treatment of fitarial para 
sites, although effective in the short-term control 
‘of worm burden and transmission, require ex- 
tended courses of treatment that have tradition- 
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ally compromised their long-term effectiveness. 
Recently, issues of the emergence of drug resist- 
tance have become a concem (/3, 74). From the 
geniome sequence we can identify several sys- 
tems likely to be fruitful targets for the dis- 
covery of additional drug targets. (i) Molting: 
The B. malayi genome contains many homologs 
of genes that encode molecules required for 
molting in C. elegans (1) including proteases, 
protease inhibitors, nuclear hormone receptors 
(NRs), cuticular collagens, and chitinases (table 
SII). (i) Nuclear receptors: Twenty-seven mem 
bers of the NR family were identified in the & 
‘malayi genome including orthologs of Ecr (not 
present in the cacnorhabitids) and other NRs 
‘acting in the D. melanogaster cedysone-response 
‘cascade (table $12). (ii) Collagens and collagen 
processing: B. malavi has ~82 genes that encode 
fora collagen repeat (including cuticular collagens 
and basement membrane collagens) (table $13), 
Which is less than half the number of collagens 
found in the C. elegans genome (180). It also 
encodes enzymes important for cuticular collagen 
processing such as blisteraseike proteases, pro- 
tease inhibitors, tyrosinases, mixed-function oxi- 


dases, and peptidyl-prolyl isomerase (lable S1). 
(iv) Neuronal signaling: Seven putative biogenic 
amine heterotrimeric guanosine $'triphosphate 
binding protein (G protein)-coupled receptors, 44 
Cys-loop receptors, and 36 genes encoding 
potassium channels (table S14) were identified 
in B. malayi.a number of which are onhologs of 
. elegans genes that can be mutated to give 
paralytic or uncoordinated phenotypes. (v) The 
B. malayi kinome: The B. malayi genome en- 
‘codes ~205 conventional and ~10 atypical pro- 
‘cin kinases (Table 2), of which 142 appear to be 
‘of fundamental importance based on the severity 
of their RNAi phenotypes in C. elegans (table 
S15). (vi) Reliance on host and endosymbiont 
‘metabolism: As 9 of 10 enzymes required for de 
novo purine synthesis, 6 of 7 genes required for 
hheme biosynthesis, and all S enzymes required 
for de novo riboflavin biosyrshesis are absent from 
the B malayi genome, the worm may be forced 
to meet requirements for these key metabolic 
factors by active uptake of host-supplied mole- 
cules (/6) or through reliance on wm, which has 
‘complete purine, heme, and riboflavin synthesis 
pathways (17). 
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Fig. 2. Operon diversity in the 
‘genome of Brugia malayi. The 
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7 g Four predicted 8. maloyl genes, 

DSB thettettetteetteette rrr $= annotated as “hypothetical” have 
tl —— "sess orthologs in a C elegans operon. 
a8 aa ‘Bmt_40910 The C elegans ortholog of the 
EE ‘second gene is found on a differ- 
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within the B, malay! genome sequence. (B) In C. elegans, the orthologs ofthese genes are found in operons 
adjacent to each other but in opposing transcriptional orientations. (C) The C elegans orthologs of genes 
{ound in this operon are relatively lose to each other but are notin an operon. (D) The C. elegans ortholog 
‘ofthe first gene isnot in the operon while the downstream gene independently verified GenBank accession 


‘CAD22104) has no identifiable C. elegans ortholog. 


Effective RNAi by soaking worms in double- 
stranded RNA (dsRNA) has been demonstrated in 
B. malayi adults (18), We therefore expected to 
find components of the RNAi pathway in the 
genome (lable $16). However, some genes 
necessary for systemic RNAi in C. elegans ap- 
‘pear to be absent from B. malay, including sid-1, 
a membrane channel that transfers dsRNA mole 
cules froma source cell to neighboring cells (/9); 
and rad-6, The presence ofa putative 
ortholog suggests that B malayi is also 
capable of microRNA processing, The etfective- 
ness of RNA in B. malay implies either that these 
‘genes are rapidly evolving oF are not required in 
2B. malay or that altemate pathways for siRNA 
transfer exist, Improvement of RNAi protocols 
for filarial nematodes would offer an attractive 
testing platforms for verifying candidate drug targets. 

Mapping B malayé genes onto the C- elegans 
‘protein-protein interaction network (20) reveals 
‘an interesting pattem of evolutionarily conserved 
relations within the context of interconnected 
functional modules (figs. S7 and $8). Of 957 
B. malayi genes that could be mapped, only 30 
‘were found to be nematode-specific (supporting, 
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‘online text) revealing the overall conserved 
nature of the protein interaction network (2/). 
Given the low level of sequence similarity 
between the two nematodes, the identification 
‘of conserved functional modules indicates that 
results from investigations of these complexes 
within C. elegans may be effectively translated 
0 B. malayi. 

B. malay? interacts with two hosts during its 
life eycle and is thought to have evolved 
‘mechanisms to suppress, subvert, or exploit host 
defense systems (22). Comparison of sequences 
of predicted proteins of B. malayi to that of 
ierleukins, chemokines, and other signaling 
molecules from humans identified intriguing 
candidates including two genes encoding mem- 
bers of the macrophage migration inhibition 
(MIF) family of signaling molecules. (23), 
transforming growth factor beta (TGEB) homo- 
logs (including Bm-igh-1) (24), and a member 
of the PDZ domaininterieukin 16 family (table 
S17). These proteins may be immune modu- 
Iators that promote parasite survival or growth 
‘and differentiation factors important in parasite 
development. In addition, members of the ALT 
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(abundant larval transcript) family of proteins 
have been implicated as vinulence factors 
‘through their ability to modulate macrophage 
function (25). The B. malavi genome sequence 
revealed an unexpected diversity of 13 ALT 
genes (table S17), most of which are expressed 
bby adult parasites. Note that the ALTs represent 
‘one of the few gene families that are expanded 
in B. malayi but not in C. elegans (which bas 
‘only one member), 

‘The innate immune systems encoded in the 
B. malayi genome have a complexity compa- 
rable to those of C. elegans (26) and include 
thioester proteins, scavenger receptors, C-type 
lectins, and galectins. However, both nematodes 
lack the peptidoglycan-recognition and. lipo- 
polysiccharide-binding proteins found in arthro- 
pods. Although there are orthologs of some 
components of the DAF-2, TGFA, and p38 
mitogen-activated protein (MAP) kinase signal- 
ing cascades in B. malay and C. elegans, there is 
‘no evidence for the nuclear factor xB and Dif 
pathways. None of the small antibacterial peptides 
described from C. elegans and Ascaris suum (27) 
were identified in B, malay, which suggests that 
the parasite might have a unique set of small 
Peptide effectors or may lack this effector arm 
altogether. B. malayi gene products implicated in 
defense against and interaction with mamma- 
Jian and insect immune systems were found, 
including seven genes encoding antioxidants 
deployed at the cuticle surface, where they may 
‘protect against oxyradical attack (28) (table $17). 

Fourrepresentative organisms involved in the 
maintenance of Brugian filariasis have now been 
sequenced: the nematode parasite: its Wolbachia 
cendosymbiont, wBm; mosquito vectors (dedes 
‘and Anopheles); and the human host. Together 
these present opportunites for a systems-based 
approach to understanding the molecular basis of 
parasitism and for identification of targets for 
intervention, In addition, defining the molecular 
mechanisms that allow filaral worms to persist 
for decades in an immunologically competent 
host may yield new strategies for the control of 
‘autoimmunity and the management of trans- 
planted tissues. 

‘The differences in genome content and oF 
‘ganization between Caenorhabditis and B. malayi 
underscore the importance of obtaining add 
tional genome data from representative species 
from across the diversity of the Nematoda (29). 
The ability to carry out lange-scale comparative 
‘genomics within Nematoda will be key in de- 
fining molecules and pathways unique to nema- 
tode development and parasitism that can serve 
as the targets for the next generation of anti- 
nematode drugs and vaccines. 
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Table 2. The kinomes of the nematodes B malayi, C elegans, and C. 
briggsae in comparison with that of Homo sapiens. Eukaryotic protein 
kinases are mainly defined on the basis of sequence similarity of their 
catalytic domains, plus knowledge of accessory domains and any known 
‘modes of regulation. Conventional protein kinases (EPKs) include AGC 
[adenosine 3',5'-monophosphate—dependent protein kinase/protein ki- 
hnase G/protein kinase C| kinases regulated by cyclc-nucleotide and 
calcium-phospholipid binding; casein kinase 1 and close relatives (CK3); 
calmodulin-dependent kinases (CaMK), cyclin-dependent kinases (COK)/ 


mitogen-activated protein kinases/glycogen synthase kinases/CDK ike 
Kinases (CMGO); receptor guanylate cyclase (RGQ); a group including 
many kinases functioning in MAP kinase cascades (STE); tyrosine kinases 
(TR); tyrosine kinase-tike kinases (TKL). Atypical protein kinases (APKs) 
include Alpha (exemplified by myosin heavy chain kinase of Dictyoste- 
lium discoideum); phosphatidylinositol 3-kinase—related kinases (PIKK); 
pyruvate dehydrogenase kinases (PHDK); “right open reading frame” 
IO) [named as such as it was one of two adjacent genes that were found 
tw be transcribed divergently from the same intergenic region}. 
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Protein kinases . by all 3 
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kL R a n 3 2B 
ance 7 56 60 33 2% 
RGC 5 2 ry) 4 4 
st 6 35 2 27 16 
1K 3 % B 35 2 
TKL 58 2 2 12 9 
Total 478 425 397 205 133 
APKs: 
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Alpha 6 1 1 1 1 
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Total 20 10 9 10 9 
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UHRF1 Plays a Role in Maintaining 
DNA Methylation in Mammalian Cells 


‘Magnolia Bostick,"* Jong Kyong Kim,”* Pierre-Olivier Estéve,” Amander Clark,” 
Sriharsa Pradhan,”t Steven E. Jacobsen**+ 


Epigenetic inheritance in mammals relies in part on robust propagation of ONA methylation 
patterns throughout development. We show that the protein UHRF2 (ubiquitin-like, containing PHD 
and RING finger domains 2), also known as NP9S in mouse and ICBP9O in human, is required for 
maintaining DNA methylation. UHRF2 colocalizes with the maintenance DNA methyltransferase 
protein DNMT2 throughout $ phase. UHRF2 appears to tether DNMT1 to chromatin through its 
direct interaction with ONMTI. Furthermore UHRF1 contains a methyl DNA binding domain, the 
SRA (SET and RING associated) domain, that shows strong preferential binding to hemimethylated 
GG sites, the physiological substrate for DNMT1. These data suggest that UHRF2 may help recruit 
DNMT2 to hemimethylated DNA to facilitate faithful maintenance of DNA methylation, 


‘ytosine methylation is an epigenetic development (/, 2). Once established, DNA 


‘mark used for the silencing of transpos- methylation is often stable through mitosis, in 
‘able elements and for the regulation of part because CG methylation is faithfully main- 
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tained after DNA. replication by DNMTI (3). 
‘The SRA domain present in the Arabidopsis 
KRYPTONITE histone methylwrnsterase, and 
also in UHRF1 family proteins found in plants 
and animals, was found to bind methylated DNA 
in either a CG, CHG (where H indicates A, T, oF 
©), oF asymmetrical sequence context (4-7). 
KRYPTONITE is required for maintenance of 
CHG DNA methylation, and the Arabidopsis 


"Department of Molecular Cell and Developmental Biology, 
University of California, Los Angeles, Los Angeles. CA 
90095, USA. ‘New England BioLabs, Ipsnich, MA 01938, 
USA. ‘Howard Hughes. Medical Institute, University of 
Galfloria, Los Angeles, Los Angeles, CA 90095, USA. 
‘These authors contibuted equally to this work. 

{To whom correspondence should be addressed. E-mail: 
_Bradhangneb.com (5.P);jacobsen@ucla.edu (5E}) 


Fig. 1. Decreased DNA 


A oem 
methylation in mUheft + 


ci 


UHRFI homolog VIMVORTH2 is required for 
maintenance of CG methylation at centromeric 
repeat sequences (6, 7). Mammalian UHRF1, 
formerly known as NP9S (nuclear protein 95) 
jin mouse and ICBP9O (inverted CCAAT box 
binding protein 90) in human, contains several 
domains, including UBL (ubiquitin-like), RING 
(really interesting new gene), and PHD (plant 
homeo domain) domains and an SRA domain 
that can bind methylated DNA (4, 5, 8-10). Prior 
analysis has implicated UHRF1 in DNA damage 
control, regulation of S phase, and transforma- 
tion to malignancy (5, 11-14), although the 
mechanism behind these effects is unknown, In 
this study, we explored the interaction between 
UHRFI and DNMT! in maintaining mammali- 
an CG DNA methylation. 


B ew 


mune 
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SC. (A) Bhidhum bromide 
stained genomic DNA from 
‘two wildtype (E14) and 
three mUhrf “independent 
sets of ES cells digested 
with a CG methylation 
‘sensitive enzyme (Hpall) 
‘or —insensitive enzyme 
(Mspi). (B and €) South- 
‘em blots probed with a 
‘minor satellite (B) or /AP 
(© probe. (D) Bisulfite se- 
‘quencing. methylation pat- 
‘tems at AP (left) or Line-T 
(ight) sequences. CG di . 
‘nucleotides. ae represented 
bby cides, solid if methylated 
and open if unmethylated. 
Percentages of methylated 
CG dinucleotides are be- 
{ow each pattern, 
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Methylation of genomic DNA from wild- 
type and mUhrfl”~ (mouse Ulfl) embryonic 
stem (ES) cells (/5) was analyzed by Southem 
blots and genomic bisulfite sequencing (16). We 
‘observed massive global losses of DNA. meth- 
ylation in mUyfT~ calls, as evidenced by a de- 
‘erease in the size of genomic DNA after digestion 
with the CG methylation-sensitive restriction 
‘enzyme Hpall (Fig. 1A). We also observed de- 
creased methylation of two well-characterized, 
heavily methylated, high copy number loc, the 
minor satelite and /AP (intracisternal A par- 
ticle) elements (Fig. 1, B and C), We quan 
fied the change in DNA methylation by using 
bisulfite sequencing of wild-type and mUhrf1 
genomic DNA. We observed a decrease of JAP 
‘element CG DNA methylation from 91% in the 
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wild type to 19% in mUhr/T™ and a decrease 
in Line-I (another abundant element) methyla- 
tion from 49% to 14% (Fig. 1D). This loss of 
methylation phenotype was not a secondary 
‘consequence of deereases in DNA methyltrans- 
ferases, because we observed that DNMTI. 


Time (h) 


DsRed-DNMT! GFP-mUHAFt 


DNMT3a, and DNMT3b amounts were not 
reduced in the mLUnrfT™ cells (fig. $1). 

Loss of DNMT1 activity also led to decreased 
genomic DNA methylation at Line-1 (17), IAP 
(18), and minor satellite (19) sequences. Further- 
more, both UHRF1- and DNMT depleted ES 
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Fig. 2. Colocatization of mUHRF2 and DNMT1. Detection of DsRed-DNMT2 and green fluorescent 
protein (GFP)-mUHRFL transiently expressed in synchronized COS-7 cells. Cells were released from 
G1. arrest and followed for the given number of hours (h) through S phase. DNA was visualized with 


Hoechst stain. 
A Input _Bound D 
wt Dt wt_Dt 
DNMT1 
AUHRFt 
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analysis. Anti-histone H3 (H3) immunoblot analysis was used to confiim visualization of the chromatin fraction and as 
loading control. (D) COS-7 cells transiently expressing GFP-DNMIT1 were treated with mock (top) or AUHREL (bottom) siRNAS. 
PCNA was visualized with a monoclonal antibody, and DNA was visualized with Hoechst stan. 
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cells filed to properiy differentiate and showed 
embryonic lethality, but both remained prolifer- 
ative as ES cells (15, 20), Lastly, the subnuclear 
localization of DNMTI (2/, 22) and UHRF 
(14, 23) have been studied as cultured cells 
progress through the cell cycle, and both were 
found at multiple foci during S phase. During 
midS phase, both UHRF! and DNMT! were 
shown to be at replication foci, as judged by 
colocalization with proliferating cell nuclear 
antigen (PCNA) and. $-bromo-2"<deoxyuridine 
(BrdU), and in late S phase both protins were 
also found associated with 4',6-diamidino-2- 
phenylindole (DAPI)-staining heterochromatin 
(14, 23-25), Consistent with these earlier find- 


ings, we found that, in COS-7 cells, MUHRF1 
and DNMT1 colocalized as synchronized cells 
were allowed to progress from G1 though S 


phase (Fig. 2). As the cells entered S phase, both 
proteins moved from a diffuse pattern through 
ut the nucleus (excluded from the nucleolus) to 
primarily being localized to multiple foci (Fig, 
2). Merged images of DNMT1 and mUHRF1 
confirmed that these foci contained both proteins. 
The colocalization was especially evident in late 
SS phase, when highly methylated heterochroma- 


tin is replicated (Fig. 2). This colocalization 
repeated with RUHRF! (human UHRF1) 
DNMTI 


giving very similar results (fig, S 
nmunolocalization data, we 
RFI anxl DNMT1 were chromatin- 
associated proteins whose abundance in HeLa 
cell chromatin increased as cals progressed from 
Gl though S phase (fig, $3) 

By using a coprecipitation assay, we 
that UHRFI and DNMT! were physically asso- 


Fig. 3. hUHRF! interacts with DNMT 
and is required for its association 
with chromatin, (A) Wild-type HEK293T 
cels (W oF those stably expressing 
DNMTA fused to CBD (02) were used 
for coprecipitation experiments. Chitin 
sepharose was used to precipitate 
ONMT2. HUHRFL and ONMTL were 
detected by immunoblot analysis from 
total protein fractions (input) or pre- 
Cipitation fractions (Bound) using anti- 
bodies against ONMTL or HUHRF. 
{B) Total proteins were extracted from 
smock-treated control HeLa cells (Con- 
trol or cells treated with siRNAS 
for ONUTI (DNMTI ki) or AUHRFL 
(HUHREL kd) Decreased protein quan 
tities were verified by immunoblot 
analysis, with antibodies against actin 
used a5 a loading control. () Chro- 
matin was. purified from_wild-type 
Hela cells (Control, ONMTE kd cells, 


control 
siRNAS 


UHRFt 
SIRNAS 


(or RUHREL ke cells, and DNATA and 
RUHL were detected by immunoblot 
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ciated, We used 2 human cell line (human em- 
bryonic kidney-293 (HEK2937) cells} stably 
‘expressing a chitin binding domain (CBD) affinity- 
tagged DNMT1. We captured DNMTI-CBD 
fusion proteins with chitin sepharose beads 
and assayed for the presence of KUHRFI in 
the precipitates by immunoblot analysis using 
‘an HUHREI antibody. KUHRF1 was highly en- 
riched in the bound traction (Fig. 3A). An ad- 
ditional analysis with recombinant DNMT1 and 
MmUHRF1 demonstrated a direct interaction of 
the two proteins (fig, $4). 

We next tested whether hUHRF! depletion 
‘would affect the association of DNMT with 
chromatin, Small interfering RNAs (siRNAs) 
|were used fo reduce the amounts of endogenous 
AUHRF! of DNMTI in HeLa cells, and immu- 
nnoblots of the knockdown cell extracts using 
HUHRFI- or DNMT-specific antibodies con- 
firmed that only the protein of interest was 
suppressed (Fig, 3B), Methylation-specific poly- 
merase chain reaction (PCR) confirmed that 
‘methylation levels were decreased in these cells 
‘at both repeated sequences and at the RAR-B2 
Focus that is hypermethylated in HeLa cells (fig. 
'$5), We then isolated chromatin from these 
cells and assayed for the presence of hUHRFI 
and DNMTI by immunoblotting of chromatin- 
associated proteins, In mock treated HeLa cells, 
DNMT1, HUHRFI, and histone H3 (a positive 
control) were all associated with chromatin (Fig. 
30), As expected, siNA-mediated knockdown 
of KUHRFI of DNMT! depleted the respective 
protein from isolated chromatin. In addition, 
knockdown of hUHRFI severely reduced the 
association of DNMTI with chromatin, but 
knockdown of DNMTI did not reduce the as- 


Fig. 4. SRA domain of mUHRFL preferentially binds 
hhemimethylated CG dinucleotides. (A) Electropho- 
‘etic mobility shift assays with GST-mUHRFISRA 
binding to double-stranded oligonucleotides con- 
taining unmethylated (U), fully methylated (M), oF 
hhemimethylated ONA with the methyl cytosine on 
sense (Hs) or antisense (Ha) strands, in either a CG, 
‘CHG, or CHH sequence context, Antibody against 
GST (GST added to the assay before electrophoresis, 
supershifted the GST-mUHRFISRA/DNA complex, 
whereas the nonspecific control antibody GFP 
(GFP) did not. (B) Quantification of binding of 
GST-mUHRFISRA to unmethylated (CGu, circles), 
fully methylated (CGm, diamonds), or hemimethyk- 
ated (CGhs, squares; CGha, solid circles) oligonu- 
cleotides. Points represent mean + SD. (C and D) 
Competition assays with GST-mUHRF1 bound to 
CGhs and competed with 10x, 100x, 500x, and 
1000x of unmethylated, fully methylated, oc hemi- 
‘methylated cold DNA. fp is free probe. 
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sociation of KRUHRF! with chromatin (Fig. 3C). 
We also analyzed the dependence of DNMTI 
ssubnuclear localization on UHRFI. Whereas 
DNMTI colocalized with the replication factor 
PCNA iin wild-type cells, we found that, in 
both COS-7 cells treated with UHRF1 siRNAs 
ig 3D) oF in the mUhrfl-~ ES cells (fig. $6), 
DNMTI showed a more dispersed paticm through 
‘out the nucleoplasm. Together, these results sug- 
gest a model in which UHRF1 helps to tether 
DNMTI to chromatin. 

We studied the methyl DNA binding prop- 
erties of the UHRF] SRA domain by using elec- 
twophoretic mobility shi assays and a bacterially 
expressed and purified glutathione S-transferase 
(GST) fusion with the MUHRFI SRA domain, 
We used double-stranded oligonucleotides that 
‘contained either unmethylated, fully methy- 
lated, or hemimethylated cytosines found in 
three different sequence contexts (CG, CHG, 
and asymmetric CHH; fig. S7), The mUHRFI 
SRA only bound to DNA methylated in a CG 
‘context (Fig. 4A), consistent with the prevalence 
Of this type of methylation in mammalian ge- 
nnomes. In addition, the mUHRFI SRA domain 
bound better to hemimethylated CG DNA, 
whether it was methylated on the sense strand 
(hs) o the antisense strand (ha), than it did to 
fully methylated DNA (Fig. 4, A and B), We 
‘quantified this difference and found a seven- 
fold higher affinity for hemimethylated DNA 
(Ky= 1.804 0M forks and Ky 1.7 +0. nM 
for ha) than for fully methylated DNA (Ky = 
12.1 # 1.7 nM) (mean * SD, Fig. 4B and fig. 
8), The mUHRF1 SRA domain did not bind 
to hemimethylated CNG-containing DNA. or 
{o asymmetrically methylated DNA (which is 
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«also methylated on only one strand), confinning 
its preference for CG methylation (Fig. 44). In 
addition, negative control binding assays with 
purified GST alone showed no detectable bind- 
ing even at greatly increased GST concentrations. 
We confirmed the specificity of the mUHRFI 
SRA domain for hemimethylated DNA by 
performing competition studies where GST- 
mUHRFISRA bound to the hemimethylated 
CG DNA (hs) was competed with unmethy- 
lated, fully methylated, or hemimethylated DNA 
(Fig. 4, C and D), Lastly, we found that HhUHRFT 
also shows a preference for hemimethylated CG 
DNA (fig. $9). 

We found that the affinity for binding to 
hhemimethylated DNA is not a general property 
‘of SRA domains, because this specificity was 
not observed for the Arabidopsis SRA-SET pro- 
tein, SUVHG (lig. $10) (6). This confirms our 
‘earlier finding that SRA domains from different 
‘proteins show a wide variation in binding prop- 
erties for differentially methylated DNA (6). 

In summary, we found that UHRFI is re 
‘quired for maintenance of CG DNA methyla- 
tion, physically imeracts and colocalizes: with 
DNMTI, and is required for the stable associ- 
ation of DNMT with chromatin, The affinity of 
the UHRFI SRA domain for hemimethylated 
DNA suggests a model in which UHRFI can 
bind to hemimethylated DNA and recruit DNMTI 
1 facilitate efficient maintenance CG methyla- 
tion, Two other important factors are known to 
‘contribute to maintenance methylation, The first 
is the inherent preference of DNMT1's catalytic 
activity for hemimethylated DNA (26, 27). The 
second is the recruitment of DNMT! to repli- 
cation foci through its interaction with PCNA 
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(28), although recent studies suggest that disrup- 
tion of the PCNA-DNMTI interaction results 
in only @ small decrease in the efficiency of 
‘maintenance methylation (25, 29, 30). Together 
‘with the setivity of UHRFI. these factors likely 
contribute to the high fidelity of CG mainte- 
‘nance methylation that contributes to epigenctic 
inheritance, 


References and Notes 

2. JR. Henderson, 5. eobsen. Nature 447, 418 (2007) 

2. C8 Schaeler, 5. KT. Ooi TH. estar, 0. Bours, 
‘Science 316, 398 (2007, 

3, T. Bestar, A Laudano,R. Matalino, V. Ingram, 
1. Mol ol. 203, 971 (1988. 

4. ML Unokl T.Wishiate, Y. Nakamura, Oncogene 23, 
7601 (2008) 

5, M.Jeanblane etal, Oncogene 24,7337 (2005), 

6, LM, Johnson ef af, Cur. Biol 27, 379 BOOT). 

7. H.R. Woo, O. Pontes, C. 5, kaa, € J. Richards, 
Genes Dev. 23, 267 2000), 

8, E Gero eta, Mo. Cal. Bik 24, 2526 (2008), 


[A Fejimes et ot lam. Genome 9, 1032 (1998. 

M Mus etal, Be). Cancer 89, 120 (2003) 

LM Bonapace tal, J Cel BioL 157, 999 2002). 

M. Mat ool. Cell Polit 28,685 (1995) 

1K Sala eal. Bol. Pharm Bul. 26, 347 (2003) 

1 Papait etal, Mol Biol Cll 18, 1098 (2007) 

M Muto ot i.'} Bol Chem 277, 34549 (2002) 

Materials and methods ate avalable on Sclence Oni 

1. Mk. Woodkock, MLE. Unseameyer, WO. Warren, Gene 

206, 63 (1998), 

18, CP, Walsh, Rha, TH Bester, Mat Genet 20, 
116 (1998), 

19. MLS, 8. N. Tinh, Tong. 5. Ophamian, PW. Laid, 
Mucec Aids Res. 32,5742 (2008. 

EU, TH Bester, R Janie, Cll 69, 915 (1992) 

H teonhardt, A.W. Page, H. U. Weler,T H. Bestr, Call 

72.865 09921 

22. ¥- Liu Eb Oakeley, L Sun, PJs, Nucl Acids Res 
26, 1038 (1998), 

23, ML Mur, H. Watanabe, T Sasa, K. Tatsumi ML Mito, 
ip. Gell Res. 263, 202 200, 

24, KP. Camara, L Schermelieh H, Lecobard 

MC. Cardoso, EMBO Rep. 5, 181 2008). 

1 Schemmel eal. Mule Ais Res 35, 4301 (2007, 

1. Bester, EMBO J 23, 2612 (1992), 


27. S. Pradhan, A Baclla, RD. Wells, RJ Rober, 
1 Biol Chen. 274, 33002 (1999) 

LS. Chuang ef al, Science 277, 1996 (1997) 

G. Eager etal, Pro. Natl Acad. Sc USA. 103, 14080 

2008. 

30. F- Spada etal, J. Cel Biol 176, $65 (2007) 

31, We tak LJobrson, A. Khttar, A. Cormay, and 
1 Mohan for technical ausitance and H. Kose, 
1M. Aso, G. Fan, and T, Best for reagents and advice 
MB. was partially funded by the American Heat 
Association Postdoctoral Fellowship 0625014. SP. 
would like to thank R Roberts, D. Comb, and New 
England Biolabs for supprt. Workin the Jobe la 
funded by MH grant GO50398, SE). i a lvetgator 
ofthe Howard Hughes Metal Insite, 


Supporting Online Materiat 
ww sciencemag orgcgicontenull1 147939001 


Materials ad Methods 
Figs 1 10 $10 

References 

17 uly 2007: accepted 26 Jy 2007 
Putished online 2 August 2007; 
10,1126/schence 1147939 

‘Include this ffermation when citing this pape. 


MicroRNA Inhibition of Translation 
Initiation in Vitro by Targeting the 
Cap-Binding Complex elF4F 


Géraldine Mathonnet,™* Marc R. Fabian, 
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‘Takayuki Murata,’ Stefano Biffo,”* William C. Merrick,* Edward Darzynkiewicz,* 
Ramesh S. Pillai,* Witold Filipowicz," Thomas F. Duchaine,"+ Nahum Sonenberg*t 


‘MicroRNAs (miRNAs) play an important role in gene regulatory networks in animals. Yet, the 
‘mechanistic details of their function in translation inhibition or messenger RNA (mRNA) 
destabilization remain controversial. To directly examine the earliest events in this process, 


we have developed an in vitro translation system using mouse Krebs-2 ascites cell-free extract that 
‘exhibits an authentic miRNA response. We show here that translation initiation, specifically the 5° 
‘ap recognition process, is repressed by endogenous let-7 miRNAs within the first 15 minutes of 
mRNA exposure to the extract when no destabilization of the transcript is observed. Our results 
indicate that inhibition of translation initiation is the earliest molecular event effected by miRNAS. 
Other mechanisms, such as mRNA degradation, may subsequently consolidate mRNA silencing. 


croRNAs (miRNAs) are short [~21 
nucleotides (nt) in length] regulatory 
RNAs encoded within the genomes 
of organisms ranging from plants to animals 
‘They are implicated in the regulation of a wide 
Variety of biological processes (/-7). miRNAS 


Department of Biochemistry and MeGil Cancer Center, 
McGill Univesity, Montreal, Quebec, Canada, H3G 1Y6. 
“Department of Enirormental and Lie Sciences, Univesity 
‘of Eastern Piedmort, 15100 Alesandia, Italy. Laboratory of 
Moleciar Histology, San Rafael Scentifc Institute, 20132 
Milan, aly. “Department of Biochemisy, Case Westem 
Reserve University, Cleveland, OH 44106-4935, USA. 
Department of Biophysics, Institute of Experimental Physics, 
Warsaw University, 02-089 Warsaw, Poland. ‘Friedrich 
Miescher Institute for Biomedical Research, Pst Office Box 
2543, 4002 Basel, Siteland. 

‘These authors contributed equally to this work 

{No whom correspondence should be addressed. E-mail: 


ahum sonenberg@megilica (NS); thomas duchaine@ 
Ps a 


21 SEPTEMBER 2007 VOL317 SCIENCE 


‘act in association with Angonaute (Ago) pro- 
{eins as components of the RNA-induced silenc- 
ing complex (RISC) to repress mRNA expression 
(8, 9). Studies using in vivo systems reported that 
miRNAs either inhibit translation or lead 0 the 
degradation of the target mRNA or proteolysis of 
the nascent polypeptide (/0-17). An important 
limitation to the in vivo studies is the fact that the 
outcome of mRNA silencing has been examined 
hours or days after the initial mRNA target 
recognition. Thus, the development of an in 
vitro system is necessary to understand the bio- 
chemistry of miRNA function, especially the 
carly steps after the recruitment of RISC to the 
mRNA. 

We chose the mouse Krebs-2 ascites cell ex- 
tract as an in vitro translation system because 
it suppor efficient translation and exhibits 
many endogenous and viral translational con- 
trol mechanisms (18, 79). We generated two 


‘constructs encoding the Renilla Luciferase (Rlue) 
‘open reading frame fused to a UTR (untrans- 
lated region) containing or lacking six target 
sites for let-7 miRNA (lermed RL and RL-6xB, 
respectively), followed by a poly(A) tail of 98 
nucleotides (20) (Fig. 1A), On the basis of 
‘quantitative realtime polymerase chain reaction 
(PCR) analyses, we estimated the total concen- 
tration of let-7a and let-7F miRNAs [which are 
the most abundant let-7 miRNAs in human 
tissues (2/)] in the extract at ~150 pM. In vitro 
transcribed mRNAs were trinsated at concen 
trations varying from 3 pM to 3 nM, AC the 
lowest concentration @- pM), RL-6xB mRNA 
translation was only 25% of that of RL mRNA 
(Fig. 1B), In contrast, a decrease in translation 
\was not observed at an mRNA concentration of 
3 nM, consistent with a limiting concentration 
Of le-7 miRNAs in the extract (Fig. 1B and fig. 
SI, A and B), In addition, the same degree of 
translation inhibition was observed when Rluc 
activity was nomlized against firefly luciferase 
(Flue) activity, expressed from Flue mRNA used 
as an intemal control (fig. SI, A and B). More- 
‘over, the RL and RL-GxB mRNAs ware translated 
with similar efficiency in a wheat gem extract 
where lt is absent (fig. SIC). These results show 
that target mRNA repression is sensitive to the 
relative concentrations of the mRNA and miRNA. 
The degree of inhibition by let-7 miRNA for a 
I-hour reaction varied between 35 and 75% 
‘among the different extract preparations, 

To address the specificity of the inhibition 
of RL-6xB mRNA translation by let-7, we 
supplemented the Krebs-2 ascites extract with 
‘an antisense 2-O-methy| (2'-O-Me) oligoribo- 
‘nucleotide complementary to let-7 miRNA. This 
resulted in an ~2.5-fold increase in translation 
of RL-6XB mRNA (an increase from 28 t0 71% 
relative to RL mRNA at 10 nM), but had no 
effect on translation of the control RL mRNA 
(Fig. 10). Contro! 2'-O-Me oligonucleotides tar- 
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‘geting cither miR-122a of miR-1 miRNAs failed With few exceptions, perfect complemen 
to relieve translational inhibition even at a con- tarty of base pairing between the mRNA and 
centration of 10 nM (Fig. 1C). the seed region of mRNA is required for re- 
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Fig. 1. Repression of protein synthesis by let-7 miRNA in an ascites extract. (A) Schematic rep- 
resentation of the Renilla luciferase (Rue) reporter mRNAs. Sequences of the let-7a-binding sites (RL- 
6x8) and mutated seed sites (RL-6xBMut) are shown below the drawings. (B) Effect of mRNA 
concentration on RL-6xB inhibition. (C) Relief of RL-6xB mRNA repression by anti-let7 2-O-Me 
oligonucleotide, Where indicated, antisense 2'-O-Me oligonucleotides to let-7a or miR-122a were 
incubated for 20 min at 30°C with the extract before a 1-hour translation reaction. (D) Requirement for 
intact let-7 seed sequence for efficient RL-6x8 inhibition. Experiments in (Q and (D) were performed at 
‘an mRNA concentration of 0.03 nM. Values represent means + SO for n > 3. 
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Fig. 2. let-7 miRNA inhibits translation 
without affecting mRNA stabiity in an ascites 
extract. (A) Time course of RL and RL-6x8 
‘MRNAS translation. [Inset] The first 15 min 
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of translation enlarged. (B) Effect of mRNA 
preincubation on RL-6xB repression. Preincubation was carried out at 16°C for 20 min, followed by 
incubation for 10 min. (C) Time course of mRNA stability, as determined by autoradiography in the 
absence (top) or presence (bottom) of 10 nit anti-tet-7 2-0-Me oligonucleotide. Percent sign indicates 
percentage of intact mRNA relative to starting time. The data shown are representative of three 
independent experiments. Values in panels (A) and (B) represent means + SD for n = 3. 
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pression, Translation of a reporter mRNA con- 
taining mutations in nucleotides complementary 
to the let-7 seed sequences (RL-6xBMut) (/0) 
(Fig. 1) was almost as efficient (-90%) as con- 
trol RL mRNA (Fig. 1D), which indicated the 
importance of the let-7 seed region for inhibi 
tion of mRNA expression. These data show that 
the Krebs-2 ascites cell-free translation system 
faithfully recapitulates the properties of miRNAS 
established in vivo. 

‘Analysis of the kinetics of let-7-mediated in- 
hibition revealed a decrease (25%) in transla- 
tion of RL-6xB mRNA relative to RL mRNA, 
first detected afler 15 min of incubation (Fig. 
2A); a stronger inhibition occurred at later times. 
‘The 15-min delay may reflect the time required 
to assemble the RISC complex on the mRNA. 
Consistent with this idea, preincubation of the 
reaction mixture at 16°C for 20 min (conditions 
that are unfavorable for translation) resulted in 
30 to 50% inhibition as early as 10 min after 
transfer to 30°C (Fig. 2B snd fig. $2), which 
demonstrated that the let-7 miRNA-associated 
machinery, once assembled on the mRNA, 
rapidly represses translation. 

‘To determine whether the differential inhibi- 
tion of RL-6xB mRNA expression might be the 
result ofits faster degradation relative to control 
mRNA, we examined mRNA decay by measur- 
ing the integrity of uniformly labeled mRNAS. 
Both RL-6xB and RL decayed with similar ki 
netics during translation for up to 40 min of in- 
‘cubation, which indicated that degradation could 
not account for the differences in translation at 
the carly time points (Fig. 2C). A 13% (42) 
difference in stability between RL and RL-6xB 
mRNAs was observed at 1 hour (Fig. 2C, top) 
This difference in mRNA. stability was abol- 
ished when anti-let-7 2'-O-Me was included in 
the reaction (Fig. 2C, bottom), These results 
dicate that mRNA degradation is not responsible 
forthe inhibition of translation mesdiated by let-7 
seen at early times. 

‘A ssalient advantage of the in vitro translation 
extract over the published in vivo systems is 
that the step of translation that miRNAs inhibit 
‘can be precisely determined, Thus, we examined 
805 ribosomal complex formation by performing 
‘elycerol gradient centrifugation. At 10 min of 
incubation, after preincubation at 16°C for 20 
min [resulting in 50% inhibition of translation 
(Fig. 2B)), formation of the 805 complex on the 
RL4xB mRNA was meduced by about half when 
compared with RL, and this inhibition was 
almost fully relieved in the presence of anti-let-7 
2'-O-Me (Fig. 3). These results demonstrate that 
Jet-7 miRNA rapidly inhibits ribosome recruit- 
ment to the mRNA. 

To determine whether let-7 targets the cap- 
recognition step in translation initiation, we 
‘examined the translation of a reporter mRNA 
containing the intemal ribosome entry site 
(IRES) of encephalomyocarditis virus (EMCV) 
(Fig. 4A). Intemal translation initiation by the 
EMCV IRES requires neither functional cap 
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nor the cap-binding initiation factor elF4E, a 
component of the elF4F complex (22). The 
EMCV-RL-6xB mRNA was translated effi- 


ciently (90%) when compared with the control 
EMCV-RL mRNA, and the anti-let-7 2'-O-Me 
oligonucleotide did not stimulate its tansia- 
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Fig. 3. let-7 miRNA inhibits ribosome binding. Ribosome binding assay of RL and RL-6xB mRNAs 
in the absence (left) or presence of anti-let-7 2'-O-Me (middle). Ascites extract was preincubated 
at 16°C for 20 min, followed by a 10-min incubation at 30°C. The position of the 80S ribosomes was 
determined by recording absorbance at 254 nm. mRNA concentration was 0.03 nM. The right panel 
represents the percentage of the area under the 80S peak, calculated from three independent 
experiments, relative to RL. The number of counts per minute in each fraction was normalized to 
correct for differences in total cpm recovery between RL and RL-6x8 gradients. (Right) Values 
represent means + SD for n = 3. 
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Fig. 4. let-7 miRNA inhibits cap-dependent, but not cap-independent, translation in an ascites 
extract. (A) Schematic structure of mRNAs containing the EMCV IRES. (B) The EMICV IRES confers 
resistance to repression of RL-6x8 translation. EMICV IRESs containing mRNAs were translated for 
11 hour in the presence or absence of anti-tet-7 2-O-Me oligonucleotides. (C) ApppG-capped RL- 
6xB mRNA is refractory to let-7-mediated inhibition. (D) Effect of elF4F addition on miRNA 
mediated repression. Extracts were supplemented with the indicated amounts of purified elF4F, and 
Rluc activity was assayed after a 1-hour translation reaction. Data are depicted as a percentage of 
translation relative to RL in the presence or absence of anti-let-7 2-O-Me oligonucleotide. Assays 
contained 0.03 nM mRNA. Values in (B), (C), and (D) represent means + SD for m = 3. 
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tion (Fig. 4B). Thus, we conclude that EMCV 
IRES-dependent translation is refractory to 
inhibition by let-7. Next, we substituted the 7- 
rmethylguanasine cap (m/GpppG) with ApppG 
‘on the reporter MRNAS. Although the translation 
‘of the ApppG-capped mRNA was, as expected, 
dramatically reduced (1% of m’GpppG-capped 
mRNA), there was no apparent difference in 
translation between the ApppG-capped RL and 
RL4xB mRNAs (Fig. 4C), These results dem- 
‘onstrate the necessity of a functional ap struc- 
ture for miRNA-mediated mRNA repression. 

‘To test whether the miRNA machinery might 
directly target the cap-binding complex elF4F, 
wwe added increasing amounts of purified elF4F 
{o the extract, Addition of elF4F stimulated over- 
all translation up to fourfold, which demon- 
strated that clF4F is limiting in the Krebs-2 
ascites extract (fig. S3). AU 80 ngjil and higher 
eIFAF concentrations, translation of RL4xB 
MRNA increased to the level of control RL 
mRNA or RL-6XB mRNA translated in the pres- 
‘ence of anti-let-7 2-O-Me (Fig. 4D and fig. 
3). Other initiation factors, such as elF2, failed 
to reverse miRNA translational inhibition, These 
data support the conclusion that the miRNA. 
machinery (miRISC) inhibits translation initiation 
bby targeting the m’G-cap- recognition process 

In this report, we demonstrate that extracts 
derived from mouse Krebs-2 ascites cells thith- 
fully recapitulate critical feaures of miRNA func- 
tion in vivo. Our results provide compelling 
argument in favor of translation initiation as 
the primary and first target of miRNAs. Our in 
vitro data are in agreement with some of the 
findings made in vivo with let-7 and other 
miRNAs (10, 11), They are also consistent with 
recent observations that the Ago2 protein binds 
directly to the m’G-cap and that miRNAs re- 
press translation initiation in Drasophila embryo 
‘extracts (23, 24). However, in contrast to Drosoph- 
ila extracts, no sequestration of repressed mRNAS 
to pseudo-polysomes occumed in Krebs-2 ascites 
‘extract. Our findings are at apparent. variance 
with other data demonstrating miRNA transla- 
tional control at the step of the 60S ribo: 
joining during initiation (25), at postinitiation 
steps (/2, 26), oF via protein degradation (15), 
The differences observed in cell transfection 
assays could reflect cell-specific mechanisms, 
to consolidate the rapid, but milder, translation 
initiation inhibitcn revealed here. A recent study 
reported that miRNA-mediated translational 
repression can be reproduced in a commercial 
rabbit reticulocyte lysate (27), However, the 
recognition of the target in this system was not 
directed by the endogenous RISC, but required 
the preannealing of a synthetic miRNA to the 
mRNA, making it unclear whether the reticulo- 
cyte lysate recapitulate the physiological load- 
ing of the miRISC on the mRNA. 

The levels of many miRNAs change in can- 
‘cer (28), whereas eIF4E and elF4G function as 
‘oncogenes (29). Our results raise the intriguing 
possibility that elFSE and elF4G function to 
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counteract the activity of miRNAs in cancer de- 
‘velopment and progression. 
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Dynamic Visualization of 
Thrombopoiesis Within Bone Marrow 
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Platelets are generated from megakaryocytes (MKS) in mammalian bone marrow (BM) by 
‘mechanisms that remain poorly understood. Here we describe the use of multiphoton intravital 
‘microscopy in intact BM to visualize platelet generation in mice. MKs were observed as sessile cells 
that extended dynamic proplatelet-like protrusions into microvessels. These intravascular 
extensions appeared to be sheared from their transendathelial stems by flowing blood, resulting in 
the appearance of proplatelets in peripheral blood. In vitro, proplatelet production from 
differentiating MKs was enhanced by fluid shear. These results confirm the concept of proplatelet 
formation in vivo and are consistent with the possibility that blood flow-induced hydrodynamic 
shear stress is a biophysical determinant of thrombopoiesis. 


food platelets are required to maintain 
Bees: inmammals. The relative pau- 

city of MKs in normal BM contrasts with 
the relative abundance of platelets in peripheral 
blood and implies that platelet assembly and 
release are highly efficient, dynamic processes. 
‘The prevalent model for thrombopoiesis, the 
‘proplatelet or flow mde! (1,2), receives support 
‘mostly fom MK differentiation cultures (3-5), 
‘which deprive MKs of cellular contacts and 
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signals found in intact BM (6, 7). The flow moet 
proposes that MKs extend plump pscudopodia 
that give rise 10 long (>100-ym) branched pro- 
platelet processes that appear “beaded” by virtue 
Of intermediate swellings (3, 4, 8). It is unclear 
whether proplatelets detach from MKs in bulk 
and fragment further into platelets (4) or whether 
barbell-shaped platelet pairs detach exclusive- 
ly from proplatelet ends (8), but eventually the 
MK cytoplasm is exhausted as a result of frag- 
‘ment release. Previous in situ imaging approaches, 
such as electron microscopy, helped define the 
morphology and environment of MKs in the 
BM (/, 2, 9), but they provided only static 
snapshots that leave room for alternative mech- 
anistic concepts of thrombopoiesis. For exam- 
ple, the platelet territory model proposes that 
vesicles from internal MK demarcation mem- 
branes are released as mature platelets (/0-12). 
Another conundrum perkins tohow newly formed 
platelets traverse BM vessel walls and escape ac- 
tivation by subendothelil prehrombotic fctors. 
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‘To observe thrombopoiesis in vivo, we studied 
mouse skull BM by multiphoton intravital mi- 
‘croscopy (MP-IVM) (13, 14), To identify MKs 
and their progeny, we used CD4/-EYFP* mice 
in which enhanced yellow fluorescent protein 
(EYFP) was expressed as a targeted transgene 
from the endogenous gene locus for CD47, an 
MK- and platlet-specific integrin (15) We 
used heterozygous CD¥/-EYFP™* mice and 
‘confirmed that EYFP" MKs in BM of these 
animals generate fully functional platelets at nor 
mal frequency (fig, $1). 

MKs showed considerable morphological 
diversity: they occurred mostly as isolated cells 
‘but occasionally in clusters, and they were 
always found in close contact with BM sinusoids 
(Fig. 1, A and B, and movie SI). MKs were 
largely sessile, exhibiting minimal migratory 
tracks oF three-dimensional (3D) instantaneous 
velocities as compared with other BM-resident 


mally rare MKs, we pretreated some mice with 
thrombopoietin (TPO), which increased MK 
numbers but did not alter their perivascular 
localization (fig. $2 and movie $2), Another 
physiologic activity of TPO is the differentiation 
‘of immature MKs, which are small and compact, 
toward larger mature cells that assemble and 
release platelets (/6). Indeed, 3D reconstructions 
of intravital recordings (Fig. 1, D and E) revealed 
that TPO treatment increased maximal MK 
diameters (Fig, 1F) and volumes (Fig, 1G) and 
‘caused more imegular MK shapes (Fig. 1H). 
Many MKS exhibited fragmented protru- 
sions (Fig. 1, I and J, and movie $3), whereas 
others were surounded by scattered EYFP* 
particles (Fig. 1A and movie $4), which may 
represent proplatelets that remained connected 
40 the MK cell body. However, particle con- 
‘nections were mostly infemed based on near 
lincar alignment and close proximity of particles 
to lange MK bodies (Fig. 1J), because insuffi- 
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cient signal intensity limited direct visualization. 
The famesylated EYFP reporter protein in 
CD4I-EYFP®* MK localizes to extemal and 
internal membranes (15, 17), intermediate and 
distal proplatelet swellings contain numerous in- 
temal membranes and thus generate & robust fluo 
rescent signal, whereas proplatelet shafts contain 
litle membrane (18) and tend to fall below the 
detection limit, Nevertheless, we captured the 
formation of MK fragments on 1-to 2-um-thick, 
branching filaments budding from one MK pole 
‘A and movie S5), reminiscent of pro- 
platelet formation in vitro (8). Consistent with 
TPO-induced MK maturation, interstitial MK 
fragments tended to be smaller in TPO-treated 
mice (Fig. 1K). However, almost all MK fr 
ments were 10 t0 100 timesas large as cireulating 
platelets (Fig. 1K), implying that few mature 
platelets get released within the BM interstitium, 
Most EYFP" fragments in the BM were immo- 
tile, but some moved with a median 3D instan- 
tancous velocity of 3.9 m/min (fig. $3, Band C, 
and movie $6). Because proplatelet elongation 
from cultured MKs occurs at ~0.85 m/min (/9), 
these observations suggest that the BM micro- 
environment enhances the motility of MK 
extensions. 

Consistent with ultrastructural observations 
(J, 2, 20), MKS extended cellular processes into 
BM microvessels in TPO-treated and untreated 
mice (Fig. 2A, movie $7, and fig. $2). These 
* extensions had a mean 
Volume of 3295 jum! (Fig. 2B), comesponding 
to ~6% of the average MK volume or 824 times 
the mean volume of mature murine platelets 
(4 jum’), These fragments may represent multi- 
ple intertwined or single immature proplatclets. 
MP-IVM recordings also captured MKs extend- 
ing plump perivascular pseudopodia, reportedly 
the first step of platelet release in vitro (8, 18), 
‘over the span of <15 min (Fig. 2C and movie S8). 
‘On one occasion, an unusually large EYFP” MK 
fragment entered a BM vessel, and intravascular 
fluorescein isothiocyanate (FITC)-dextran tracer 
accumulated upstream, indicating transient vas- 
cular occlusion (Fig. 2D and movie $9). Such 
‘observations imply that BM sinusoidal diameter 
imposes size constraints on released MK. frag- 
‘ments and that transsinusoidal migration of whole 


‘of blood flow, and were eventually released into 
the lumen, either slowly along the endothelium 
(Fig. 2E and movie S10) or briskly (movie S11). 

‘These observations collectively reveal that 
MKs routinely release heterogencous particles, 
With properties resembling immature proplate- 
lets, into BM microvessels. Shedding events in 
‘TPO-treated mice were recorded about once 
7 hours per field of view. Even these 
seemingly infrequent events likely contribute 
substantially toward physiological platelet outputs. 
Assuming thatthe platelet lifespan is 5 to 6 days 
‘and that TPO treatment doubled the normal 
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platelet number in mice 
10” platelets (22)), we calculate the steady-state 
platelet production in TPO-treated animals as 
08 * 10” platelets per day. Mouse BM and 
spleen contain a total of ~180,000 MKs (/4), 
‘whose number is also doubled after TPO t 

ment (22). If each MK releases one fragment 
every 7 hours, the total intravascular discharge 
amounts to 1.2 * 10° fragments per 24 hours, 
with a combined mean volume (Fig. 2B) cor- 
responding to~1 * 10° platelets. Thus, even if we 
consider that proplatelet cytoplasmic mass may 
‘not completely convert into mature platelets as it 
diminishes during further fragmentation (8, 18), 


EVER 


FITC-dextran 


tnstantaneous 30 velocity 


‘(umimn) 


these calculations suggest that intravascular pro- 
platelet shedding by justasinusoidal MK may 
account for the buik of thrombopoiesis, How= 
ever, it should be cautioned that we cannot ex- 
‘clude additional thrombopoicitic events that may 
‘occur below the limit of MP.IVM resolution or in 
regions that are inaccessible to intravital imaging, 

‘To assess how intravascular shedding of MK 
fragments relates to the presumptive MK matu- 
ration sequence, we first classified nonshedding 
MKs in TPO-treated mice into wo groups 
(‘small” and “large”) according 10 how their 
maximal diameter related to the mean diameter 
calculated in Fig, IF. Based on 3D reconstruc- 


Maximal diameter 
(um) 


MK volume 
ogyo um) 


‘Wadell sphericity 


MK fragments 
(og; 1m) 


Volume of interstitial 7 


Fig. 1. Localization of EVFP* MKs in BM of living mice. (A) EYFP* MKs (red) and surrounding areas of 
fragmentation (arrowhead) in close proximity to BM sinusoids, which were outlined by intravenous 
injection of FITC-dextran (green). (B) Clusters of MKS along a BM sinusoidal vessel. (C) Cumulated tracks 
and instantaneous 30 velocities of BM Ms (red) and & lymphocytes (green). One representative of four 
movies for 8 cells, combined with cumulative data from four MK movies, is shown. (D and E) 


Representative 3D reconstructions of MKs from time-lapse MP4VM; insets show renderings of 


ravital 


recordings. (F to H) Maximal diameters (F), volumes (G), and Wadell sphericity indices () of MKS in BM. 
axities of mice without (squares) or after (triangles) TPO treatment. “*P < 0.01, ***P < 0.001; unpaired 
Student's t test. (D Representative MKs with proplatelet-like protrusions (arrowheads). Q) Zones of aligned 
EVFP* interstitial fragments close to an MK (arrowhead), possibly tethered to the cell body. Scale bars in 
), (8), (0), (6, (), and (), 50 um. (K) Volumes of interstitial MK fragments with or without apparent 
connection to MK cell bodies and with or without TPO treatment. The dashed line denotes mean platelet 
volume. Data were compared with an unpaired Students t test. ns, not significant. Horizontal bars in [(F) 


‘to (H)] and (X) indicate means. 
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tions, we determined MK volumes, surface 
areas, and Wadell sphericity indices (Fig. 2, F 
to H), Small MKs displayed a higher average 
sphericity index than large cells, indicating that 
the latter Were less compact and shaped more 


2. Intravascular MK frag: 
mentation. (A) EVFP* MK (ed) 
with proplatelet extensions inside 
BM sinusoids (see circles), which 
were demarcated by FITCdextran 
injection (green), Numbers at top 
right in each panel denote image 
depth in jm. (B) Volume of EYFP™ 
fragments released from MKS into 
BM sinusoids (bar represents 
mean: 3295 yim’). (C) Apparent 
pseudopodium elaboration (arow- 
head) by a perivascular MK. (D) 
Presence of a very large MK frag- 
iment ina sinusoidal vessel, with 
upstream accumulation (arrow: 
head) of FITCdextran tracer. (E) 
Intravascular shedding of a MK 
fragment (arrowhead). Numbers 
at top left in each panel corre- 
spond to minutes and seconds. 
Scale bars in (A) and (0 to (€), 
50 jm. (F to H) Volumes (F, su 
face areas (G), and Wadell sphe- 
ricty indices (H) of small and 
large nonshedding MKs and of 
MKS captured in the process of 
shedding intravascular fragments. 
Data were analyzed with one-way 
analysis of variance tests with 
Bonferroni's posttest. "P < 0.05, 
**P <0.01. Horizontal bars in (B) 
and (F) to (H) indicate means, 
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inmegularly. These findings 
logical changes recorded in cultured MKs before 
proplatelet formation (3, S)and hold true whether 
‘TPO was administered oF not (fj 
ing that TPO does not alter MK. differentiation 


gree with morpho- qualitatively (23). Size and shape parameters of 
MKs that were actively shedding intravascular 
fragments were statistically similar to those of 
ze nonshedding MKs (Fig. 2, F to H). Thus, 
vascular release of MK fragments occurred 
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Fig. 3. Proplatelets in the circulation and proplatelets released from 
caitured KS under shear stress. (A) Platelets and proplatelets in the 
peripheral blood of CD41-£VFP** mice. immunostaining for (31 tubulin 
(reen) highlights characteristic microtubule coils and identifies structures as 
bona fide platelets or platelet precursors. EYFP signal (ed) is mostly found in 
intermediate swellings (arrowheads; proplatelet shafts carry low EYFP 
content (arrows). As expected (15), some CD41-EYFP™'* platelets lack EYFP 
expression (white asterisks). Scale bar, 10 ym. (B) Number of fragments 


Non-shedding Shedding 
Large 


Smat 


Fragments roleased 
to lower chambor 


‘0000: 
| 
° 


Stil Agtation| 


EGFF 


released through 5-m pores into lower transwell chambers, with (black bar) or without (white bar) agitation after mouse MIKs were transduced with EGFP- 
expressing retrovirus and cultured to maturity. Means of triplicates are shown from one of two similar experiments; error bars indicate SEM. "*P < 0.01; 
Student's ¢ test. (C) Morphology of EGFP* MK fragments released through transwell filters after agitation. Scale bars, 10 ym. 
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%Ray Fluorescence Spectrometer 

The Nanohunter benchtop total reflection x-ray fluorescence spectrometer is designed to 
‘offer comprehensive trace element and materials characterization analysis to a broader 
range of research disciplines, and in more diverse analytical settings, than was possible 
with previous technology. Whether for geologists, chemists, biochemists, biologists, 
‘materials scientists, or engineers, non-destructive trace element analysis is attainable, 
with minimal sample preparation, for applications that span from metallo-protein 
‘esearch to environmental assessment and semiconductor wafer metrology. Nanohunter 
features a patented, switchable wavelength and automated variable x-ray incidence 
angle excitation design. The instrument can analyze the full range of elements in solids, 


liquids, and powders. It also provides chemical information as a function of analysis 


depth for profiling surface characteristics of materials. For example, for researchers 
involved in nano-technology, this ability allows surface layers to be characterized as par- 
ticles on a substrate, a homogenous thin film, or as something in between. 

Rikagu For information 281-362-2300 wwwsigaku.com 


Stirring Hotplate 
The Carousel Stirring Hotplate is a third-genera- 
tion system with a host of new features to enable 
faster heating, more powerful stirring, greater 
accuracy, and superior safety. Offering adjustable 
speed control from 0 to 1200 rpm and a stirring 
capacity of up to 20 liters of water, the hotplate 
can perform a wide range of laboratory tasks, A 
digital display offers accuracy in setting stirring 
speeds and temperature. A removable PT1000 
temperature sensor is standard, 

Radleys For information +44-1799-513320 

sr aleyscom 


NIR Reference Materials 

New certified reference materials for the near 
infrared (NIR) region of the spectrum are now 
available. The NIR region has recently found new 
and important applications, and verification of 
the wavelength scale in the region is particularly 
important because small wavelength errors can 
cause significant problems. Convenient refer- 
ence materials have been hard to come by 
because they have too few peaks across the 
‘region or require the use of volatile solvents. This 
new reference material provides 13 certified and 
traceable peak values. 

‘Starma Scientific For information 

+#44 (0) 20 8501 5550 wornstara.com 


Centrifugal Evaporator 
The €2-2 Series centrifugal evaporators combine 
performance and safety in a compact benchtop 
Lunt. Similar in size to a rotary evaporator, these 
instruments’ innovative design presents advan- 
tages in parallel synthesis and medicinal chem- 
istry, as well as for general-purpose solvent 
removal in life science laboratories. Technologi- 
calinnovations guard against overheating orlos- 
ing samples through solvent bumping. The evap- 
orator offers true unattended operation and 


www.sciencemag.org 


requires no user training. Solvents collect in an 
insulated, plastic-coated glass vessel, enabling 
the user to see the progress of evaporation and 
determine when the trap should be emptied. 
With no defrosting required, the glass vessel is 
temoved by a quarter turn, allowing the solvent 
to be poured directly into the waste container. 
‘The evaporator can concentrate or completely 
dry samples. It accommodates a wide selection of 
sample holders, enabling evaporation trom most 
‘common sample container formats, including 
round-bottom flasks up to 500 ml, tubes up to 
1160 mm long, custom reaction blocks, and shal- 
low-well or deep-well microplates. 

‘Genevac For information +44 2473 240000 
rmegenevac.com 


Purification Resin 

Ni-NTA Superflow resin for the purification of 
histidine-tagged proteins is now available in 
pre-filled 1 ml and 5 ml cartridges for purifica- 
tion on liquid chromatography platforms such 
as the FPLC, AKTA, and BioLogic systems. Ni- 
NTA matrices are the most cited solutions for 
purifying 6x histidine-tagged proteins. Their 
high stability means that they are compatible 
with a wide range of buffer components, includ- 
ing strong denaturants, detergents, and even 
reducing agents. 

Qiagen For information 800-426-8157 
vernagiagen.com 


Microarray Services 

LC Sciences offers custom products and specialty 
microarray services of nucleic acid and protein 
analysis, biomarker discovery, novel drug 
screening, and custom development of minia- 
turized assay devices for diagnostics and 
biosensing applications. These products and 
services are based on a proprietary technology 
that integrates multiple high-throughput bio- 


analyses on a single platform. The mParaflo 
microfluidics technology integrates high 
throughput parallel synthesis, microfluidics, 
and digital photolithography to create custom 


microarrays of DNA, RNA, and peptides, Speci 
services include a microRNA Profiling Microar- 
fay Service, a Small Non-coding RNA Discovery 
Microarray Service, and a Peptide Microarray 
Service. Custom services include protein-bind- 
ing oligonucleotide arrays for detection and 
profiling of transcription factors, nuclear recep- 
tors, DNA/RNA binding proteins, peptides, 
‘enzyme co-factors, carbohydrates, and metabo- 
lite molecules, and peptidomimetic arrays for 
lead drug or novel ligand discovery. 
LC Sciences For information 888-528-8818 
wom lesciences.com 


Ribonuclease R 

Ribonuclease R is a magnesium-dependent 
3° +5’ exoribonuclease that digests essen- 
tially all Linear RNAs but will not digest lariat or 
circular RNA structures, Intron RNA can be iso- 
lated from total RNA samples by digestion with 
ribonuclease R. After digestion, only lariat 
structures that are produced during the pre- 
messenger RNA splicing of intron regions 
remain. Applications include alternative splic- 
ing studies, gene expression studies, intron 
‘complementary DNA production, and intronic 
screening of complementary DNA libraries. 
Epicentre Biotechnologies For information 


800-284-8474 www. EpiBio.com 


\Newiy offered Instrumentation, apparatus, and laboratory 
‘materials of iterest to researchers in all disciplines in aca- 
emic, industrial and government organizations are featured 
in this space. Emphasis is given to purpose, chi characters- 
ties and availabilty of products and materials, Endorsement by 
Science or AAS a any products or materials mentioned snot 
‘implied. Additional information may be obtained {rom the 
smanuacture or supple. 
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POSITIONS OPEN 
BIOLOGICAL CHEMISTRY FACULTY 
POSITION. 

Wayne State University 
‘The Department of Chemity at Wayne tte Uni 
very seckssppicaions for a tnue tack postion 
in the Dyin of Biclogsl Chemary- Preece 
Wil be gem tomar catats atthe ASSISTANT 
PROFESSOR lec Candiltes use have a PD. 
and the parca wo develop a naoaly recogsizad, 
Sernly funda rescach program of outrnding 
‘aly in any area of biological chemi. The De 
furtrcet ofr cating opportunities candidates 
Sich racarch incre complementing sre group 
‘of facalty working inthe area of DNA, RNA and 

cin banhemstiry, enzymology, carinogeness 
hyieal, inorganc and Hiumargani chemistry, 
a bell as moc and collar Bclogy (oe Se 
Purtmcotal website: bneps/ /chom wayse edu Sor 
Either information 
“The Deparment of Chemistry has 2 supportive 
scalemic emironment and song aduate pro 
fram. Fxcllent opperuaitio exw for cllabeathe 
fearch wath indntduas inthe Department of Ba 
logs! Sciences, the bade since departments 
the bighy ranked Schou of Meine, the Colle 
‘f Pharocy and Heath Scns well a the 
Center for Molecular Medicine aod Genctcy, the 
Institute for Environmental Health Sciences, and 
the Barbara Ann Karmanos Cancer Utne: The 
Deparment of Chemistry. offer an exelent re 
sear environment that faces ample, newly re 
‘vate wescach abate apd fly af Central 
trent Fay tan manage wate of he a 
uipecer Sr lectonpray ionization and MALDI 
‘TO? man spectrometry, crear dickinson 
heute romance, sure pau ence tate 
fnivuon carom micronspy, and nuclex magnet 
ik ach 3 700 meget [SH] 
The Wayne Sate faculty 
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io: Profesor Charles H. Winter, Anocate Chair, 
TAL Chemistry, Wayne State University, 3101 
Gass Avenue, Detroit, MI 48202-3489, tn ai 
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‘complete an online application at weber beeps 77 
Sraynccedu. Neste appl ie all chenaity 
Spake tea, Reset ot applinuens ol be 
tin in Octobe 2007, Wa ad 
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POSTDOCTORAL POSITION in 
HEPATOBILIARY CANCER RESEARCH. 
Postdoctoral positon avaiable to par 
pate in long tem NIFL- funded racarch on 
tke moter pathogen and expt 
therapetta of epatbany ‘cancer Can 
eet onld poss Dal bad 
icclar biology or in'arestod el of study 
and be cgi for US. postdoctoral fellow 
ihip wank. Espedenes in gene expresion 


prong, RNA echoolog andl pure 


fection are highly desirable. Ap 
plicants should send curriculum vitae and con: 
ict information for three references to Dr. 
Alphonse E. Sirica, Professor and Division 
Chair, Division of Cellular and Molecular 
Pathogenesis, Department of Pathology, 
Virginia Commonwealth University School 
‘of Medicine, Richmond, VA 23298-0297. 
E-mail: asirica@mevh-veuwedu, Viginis Com. 
somes Canvey & an Equal Oppoctuity/ 
Affemacive Aaiow Employer, Women an minty 
andes and pesus th dsabities ae emomaged 
tw apply 


ASSISTANT/ASSOCIATE PROFESSOR 
RNAi in Gene Regulation and Small RNAS as 
Biopharmaceutical Agents 


University af Mins at Ch 
for a tenure-track facuy 
ASSISTANT or ASSOCIATE PROFESSOR in 
tencral area of RNA‘-based ene regulation and/or 
Small RNAs 2s biopharmacettcal aients. Responsi 
ins inchnde developing song external faded 
research pecan and. teaching in graduate and 
froional roan, The suc Cant wil 

ve jant afponnements in the Center foe Pharon 
seat technology andthe Deparment of io 
Pharmaceutical Scenees. Ph.D. and at lest one year 
{Uf postdoctoral experience in areas related to bok 
GC'RNAY and/or soll KNAW are required, Cand 
thes atthe Aevsint Profesor level mise have rang, 
fotential for arwacting extramural funding cam 
{Sdates at the Associate Profs level must have a 
Surong recond of succesfil extramural finding. Po 
‘ition availble spring 2008. Tor fillet considers 
ion, sera curriculum ita, scription of research 
interests an thc et of cece by Or 15, 
007, em iced or: De let 
Mankin, RNA Gar Comite, Center for 
Pharmaceutical Biotechnology, M/C 870, Uni- 
versity of Illinois at Chicago, 900 8. Ashland 
‘Avenve, 3052 MBI, Chicago, 1L. 60607-7173, 
{electronic applications encouraged). UIC an 
‘Afimatve Acton qual Onponuny ply 


ASSISTANT PROFESSOR, PLANT BIOLOGY 

The Department of Hologcal Science, Caloris 
suate Univerty, Lon Angee, achat ils Tenure 
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ATH. in biology, botany, or telated eld re: 
‘ued, with a mini of one year of postdoctoral 
Sipricnce prefered. The candidate & capaced (0 
tech undergraduate and graduate cee, papa 
in program development and etalah an exter 
inded research program iwolsing undergraduate 
2 Naser si The nde exes 
Sallemic nvsement to stidens Smit curl 
Site, rescrch plans, statement of teaching. ph 
Ionopny, and thre Tener of reference tor Search 
Committee Chair - Plant Biologist, Department 
of Biological Sciences, Calformia State Univer: 
Sty, Lor Angeles, SISI’ Sate University Drive, Los 
Angeles, CA 90032 (e-mail: plapalé@eachany 
aeeticteh tokew of enced ecsoe 
‘Stage Ree 12007 ey cold 
ppstion ified BO Ti N/ADA Fay: Quad 
ew nl mld cng 6 
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AAAS/Science Business Office Feature 


A STRATEGY 
FOR THE FUTURE 


‘As nations compete for scientific recognition, Germany is boosting its fight. 
Over the past few years, the Bundesministerium fur Bildung und Forschung 
(BMBF) —Germany’s ministry of education and research—has upped the sci: 
ence budget and encouraged initiatives that require universities and scientists 
to be more innovative. The intention is to promote competition to improve the 
nation’s science reputation. By Gunjan Sinha 


ast year the federal and state governments announced the first winners 
of the Excellence Initiative—a measure introduced by the Deutsche 


66 For the first time in 


Forschungsgemeinschaft (DFG) and the Wissenschaftsrat, a scientific decades, universities and 
commission that advises pe ‘al decision makers. For the first time 
in decades, universities and collaborative research groups have a chance at. _collaborative research groups have 


winning substantial extra funding if they prove worthy. 

“My view on the development of the science system in Germany 
is not to have a flat field but a picture of the Alps,” says Matthias 
Kleiner, president of the DFG, Germany's primary science funding 
agency. 

Germany's “flat field” is its university system. For decades 
the notion of equality in education has driven the nation’s sci 
ence funding strategy. Until last year, all universities received 
the same lump sum from state and federal govemments, re- 
gardless of quality. But while all universities are similarly pres 
tigious, they haven't been able to compete internationally and 
lure in top talent. 

The Excellence Initiative offers €1.9 billion in additional funding 
through 2011. Last year the DFG and the Wissenschaftsrat doled out €873 
million of that sum in the program's three categories: 12.7 percent went to 
support graduate schools, 63.4 percent went to research clusters (projects 
involving scientists from several institutions), and 23.9 percent was awarded 
to universities for devising strategies for future development. 

Federal and state governments plan to announce a second round of winners 
this October. Overall 40 graduate schools and 30 research clusters will win the 
coveted extra funds after a lengthy application process. In addition, universi: 
ties will also receive a supplementary allowance of 20 percent of the funding 
to cover indirect expenses. 

Universities aren’t the only science research centers to get afinancial boost. 
BMBF also promised a 3 percent per year increase in funding through 2011 
to Germany's nonuniversity research institutes: the Hermann von Helmholtz 
Association of National Research Centers, Max Planck Society, Fraunhofer 
Society, and Gottfried Wilhelm Leibniz Science Association. The total science 
budget increase amounts to an additional €6 billion over five years. 

German research is striking back in other ways too. Construction of a 
new European X-ray laser facility in Hamburg is slated to begin this year—it 
will be the only one of its kind in Europe. And the Deutsches continued » 


a chance at winning substantial 


extra funding if they prove 


worthy. 99 
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MAX-PLANCK-GESELLSCHAFT 


World-Class 
Science 


‘The Max Planck Society is renowned for 
‘outstanding basic research in the ile se 
fences, the natural seences and he human 
‘Max Planck scientists perform their 
resoarch at the frontiers of knowledge. 
swers 10 fundamental ques- 
‘the work they do with third 
‘oveties and insights onibute sgnit- 
only to our utr. 


The sclantsts build important foundations 
for innovations that signiicanty impact 
‘sconomy and society, They rain thousands 
Of junior scientists, submit patent applica 
ions, generat 

‘stbih comps 


‘one of the advantages of 
in Germany in today's world ~ 


Pronck Institutes 


.. made in 
Germany 


Technical Research Assistant - NanoSIMS operator 


‘The Max Planck institute for Marine Microbiology (MPI) Bremen, Germany, is seeking highly motivated applicants 
‘witha strong interest in muti-disciplinary research to Support aur nanoSIMS analytical faciity for environmental 
microbiology. The successful candidate will be responsible forthe day-to-day operation ofthe Cameca nanoSIMS 
‘SOL and carry out routine maintenance and repairs. 

‘Addaionally the successhl candidate wil support scietists from the MPI 
carrying out high quality SIMS analysis on a wide range of environmental sa 
preparation and data interpretation. The active development of independent 


Prior experience with SIMS, particulary wath Cameca SIMS instrumentation, is desired. Knowledge of UNIX opt 
rating system is also beneficial 

We offer a 3-year full-time appointment with the possibilty of permanent employment. The salary is according to 
the German system for public employees (TVD E 12). The position is available immediately. 

Further information can be obtained at www mpi-bremen.de or from Dr Marcel MM. Kuypers or Dr. Tim Ferdelman, 
‘Applications should include a curriculum vitae and alist of thee references. Written or electronic applications are 
invited until October 15, 2007 and should be sent to: 

Max Planek Inst 
‘Administration -NanoSi 
CCelsivsstr. 1, 0-26959 Bremen, Germany, E-mait:nanosims@mpi-bremen de 


1 Marine 


‘atthe Max Planck Inti for Terestal Mcroblony 
Postdoctoral fellow positions i, 


‘intercellular signalling in bacteria 
ulation of motility in bact 
are availabe immediately for outstanding, highly motivated scientists to study the molecular and celular biology of 
fruisng baty formation in Myxococcus xanthus. Specific areas of research include mechanisms of itercelular 
signaling signal transducton with special emphasis on two-component regulatory systoms, regulation oftype IV pi 
function, and regulation of moti. 

Qualifications: 

‘Applicants should be enthusiastic and self motivated and have a strong interest in molecular and celular microbi- 
ology. Experience in one or more of the areas of molecular genetics, protein purication and characterization, and 
cell imaging is advantageous. 

Further information can be obtained trom Prot. Dr. Lott Sogaard-Andersen (sogaard¢mpi-marburg.mpg de). 

‘The MPI or Terestril Microbology j¢martas'g mpg de) consists of four dopantmerts andolfers a sim- 
lating and intrdiscipiary research environment. in the Instiute is English 


ar goals (no more than two AA pages for each), 


For more detaied information on our research see, tp www mp)-marbutg mpg de/sogaard 
Max Planck Institute for Terrestrial Mi 
Kart-von-Friseh-StraSe 

£35063 Marburg, Germany 

Applications shouldbe received by October 18, 


The Max Planck Insttute of Biochemistry is one ofthe leading research institutes within the field ol biochemistry, 
‘and structural biology, and biomedicine. Wah its ten scientiic departments, twalve junior ressarch groups, and 
staff of around 800 people the insttute is one ofthe largest institutes within the Max Planck Society. 


Wtin the Department of Coll Biology appeatons ae ivaed for 8 
Project Leader Position (ref. no. 3507) 


‘The research in the department is focused on the melecubr mechanisms that govern call sion the contribution of 
‘mitotic errors to chromosomal instabity in tumor calls, and centrosomelcentriol function, 

‘Specific areas of research include: 

=the regulation of mitotic progression 

ymbly checkpoint 


Primary cilium 
‘A special strongth ofthe MPIB is ts broad expersse inthe areas of protein chemistry including mass spectromatry, 
crystallography, molecular biology and cell Bilogy. Important support is also provided by an outstanding central 
core facility (e.g. for DNA- and protein sequence analysis, peptide-symthesis, biophysical measurements ie cell 
fimaging, et) 

‘The successful applicant must have a doctoral degree, a strong research record in biochemisty/cllbiology/molec- 
lat biology and, preferably rior experience in one of the above research areas, The project leader is expected to 
supervise both undergraduate and graduate students and should enjoy working in a callegial and highly interactive 
‘enntonment 

‘The stating date is lexible and remuneration will be according to prior experience and qualification up to 14 TVaD 
(public service payment tani scale). The duration ofthe appointment wal be initially for 2 years. 

‘Applicaton, including CV, list of publications, and addresses of three referees, shouldbe sent (preferably before 30, 
‘November 2407) to: 


Max Planck Institute of Biochemistry 
Prof, Dr Erich A. Nigg, Department of Cell Biology 
‘Am Klopferspitz 18, -82152 Martnstied, Germany 


e-mail nigg@biochemmpg de, www biochem.mpg de 


‘The Max Planck Institute for Demographic Research (MPIDR) seeks to recruta 


Research Scientist 


‘ta conduct research forthe Laboratory of Demographic Data. Qualified demographers, sociologists, statisticians, 
and other scientists with a research background in the social sciences are invited to apply. We intend to fil the 
position as soon as possible. The duration ofthe contract wal initally be limited to three years. The salary i paid 
‘according to qualification and in accordance with the rules of federal employees in Gemmary, upto level 18 TVD. 
‘The successful applicant must have completed a Ph. degree in demography ora related field. He or she must 
have a proven record of scientific work and theoretical experience inthe field of erulty and its determinants in 
Europe and other industrialized societies as well as knowledge ofthe relevant literature 

The candidate wil in the main process and analyze population and survey data on fertility. The position requires 
‘expertise in statistical and demographic analyses and practical skills in handling demographic data. Fuency in 
English is essential 

Applications should include a CV with a statement of academic interests and relevant experience, alist of publi 
cations, two recommendations, and contact details of two referees. 

Please send all materials by 2tst October 2007 tothe: 


Max Planck Institute for Demographic Research 
DN Attn, Edelgard Kathe, Konrnd-Zuse-St 1, 18057 Rostock, Germany 
Emo thew domogcmog de. 


A5 year research group leader position 


in the area Mycorrhiza or fungal plant pathogens will open in April 2008. Interested candidates with @ strong 
record in fungal genetics are expected to focus their work on the fungal side of the respective system, apply 
Serouty pan tod mics approaches. The group wil b 
housed nthe de 

rigs in smut Tong Futil and stimulating 
‘Tho suecesstul candidate willbe provided with nd space ora group 016, substantial core supportandeowships 
fortwa PhO udentponcs Apicamsatouldbein tw ear stages De carer ea ne 2p 

foctora peri 


Inquiios can be made by email kahmannt@mpi-marburg mpg de 
Please send your applications including a CV, publication Ist, research proposal and names of two referees to: 
MPL Max Planck Institute for Terrestrial Miermbiology 
Prof De Regine Kahmann, Kar-von-Frisch-StraBe, D-35043 Marburg, Germany 
‘Application ted unl the postions fied. 


‘The Max Planck Institute for Demographic Research soeks up 
10PhO,, Post-Doc and Research Scientists to pursue 


Theoretical Evolutionary Demography 
across the Tree of life” samuiid 


* Tha length of ite is long for some species and short for others. What underiying processes govern ifespan? 

+ Some species sulfer sonescence after reproductive maturity whereas others enjoy extended periods of con- 
sar of decreasing mataty and constant or ereninglriy, What undameral namics expla mortaiy 
and fontity trajectories? 

+ Species difer in body size, growth rats, age at fist roproduction, number and siz of offspring, 
fociality. What general priniplos produce this diversity? 

Exploiting phyloganotic knowledge about coalescance times and the characteristics of species across the toe of 

life, te EvoDemo group will usa mathematical methods, biological theory, and demographic and economic con- 

‘pts to develop unifying frameworks and discover deep connections by focusing on these basic questions. The 

‘r0Up wil pursue interdsciplinary research atthe intersection of 
‘mathematical modeling and optimization, demography, ics, comparative biology, life 

history theory, and evolutionary ecology. 


Planek Institute for Des 
‘The Max-Planck-Institute of Molecular Plant Physiology in Potsdam invites applications for 
Scientist (code 26/07) 


ur research is focused on microarray data analysis, using visualization and GUI tools enabling th 
use statistical methods and ontological informaton 

“To xtond and improve our tools MapMan, Pageman and ROBIN, we seek a life scientist with strong programming 
sls (preferred), or a (biolnformatcian/computer scientist with a strong background in biology. The candidate 
should have experience inthe field of literature curation or be wiling to lear i. and possess programming sls 
in dava,A knowledge in statistics and especialy microarray analysis and/or PERL is 3 plus. 

‘The candidate is expected to workin an interdisciplinary field invohing both pathway curation as wells software 
ddevelopmeri/data analysis. She/he should be able to work in an intemational environment and display strong 
team-working capabilties. 

The position is initially funded for 3 years. For further information please contact Dr BjSm Usadel, emai: 
uusadel@mpimp-golm mpg.de, Applications including a cover letter, curriculum vitae and the names of two referees 
should be sent to: 


arontal care and 


M. 


Max-Planck-Institut ftir Molekulare Pflanzenphysi 
Personalverwaitung 
Wissenschaftspark Golm, Am Muhlenberg 1, 14476 Potsdam 


MAX-PLANCK-GESELLSGHAPT 


Research of 
the highest 

international 
calibre 


icresearch is contimously facing new 


boundaries of human brow 
‘annually joined by 10500, 
Satan, doctoral students, postdocs 
‘iaiing scientists ond supported by: 
‘of 8000 in the financial, technical and 
‘oinstrative areas, 


{2578 insite, the Max Planck Socaty 
search of the highest 
is annual budget 


ofthe future, 


The Max Planck Institutes are ranked 
‘among the most popular employers and 
among the 30 “best employers of post 
oes" (internet survey conducted by the 
US magazine The Sclentist, February 
2003), They are among the 10 best 
esearch instiutions outside of the USA 
(Young Career 200). This is your opportu 
nity 19 work for 2 majo, imernationaly 
fenowned research organisation that 
‘offers long-term career prospects, 


. a challenge 
for you 


weve mpg do 


“As an equal pparaoty employe, te Max 
Planet Sociay 1s conned 1 emsoye 
‘hove dein veh cesbites Wo tere 
fare acvely encourage indidats wc 

eo py We ssa seek fo metease 
the parcenage fone eoployees a 
‘thar hy ave inca vproreied.Qualfed 
tone ae Shere song couraged fo 
soa 
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Krebsforschungszentrum (DKFZ)—German Cancer Research Cen- 
ter—recently launched The National Center for Tumor Diseases in 
Heidelberg with the goal of translating basic research into better 
treatments for cancer patients. 

Germany isn’t the only nation within the European Union to 
strengthen its scientific prowess. The nation’s efforts are the mani- 
festation of the European Councit’s decision in 2000 to transform the 
European Union into “a competitive and dynamic knowledge-based 
economy” by 2010, The so-called Lisbon Strategy calls on all mem- 
ber states to increase spending on research and development to 3 
percent of GOP by 2010. 

But instead of keeping the status quo, Germany wants to shake 
up the system by requiring institutions and scientists to compete for 
those extra funds. Germany isn’t alone in this regard. The French 
government has a bill pending that would also give French univer- 
sities, which are government controlled, more freedom to manage 
budgets, investments, and real estate. Italy and Spain are also mov- 
ing in similar directions. But while they continue to debate the pros 
and cons of a competitive system, in Germany the idea is no longer 
controversial. 

“No one talks anymore about equal funding and possibilities for 
everyone,” says Thomas Vogt, spokesperson for the Leibniz Associa 
tion, * This [initiative] is to strengthen the strong.” 


The Winners 

While Germany's research institutes such as Max Planck, Leibniz, 

and Helmholtz have strong reputations, its university research has 

been lackluster In the 2006 list drawn up by the Times Higher Educa- 

tion Supplement, for example, the University of Heidelberg came in 

at number 58—that was the best rank of any German university. 
“Germany was one of the leading nations in science,” says Kleiner. 


Helmholtz Association 
www-helmholta.de 


Leibniz Association 
www.wgl.de 


‘Max Planck Institut fur Eisenforschung. 
www.mpiede 


Nationales Centrum fir Tumorerkrankungen 
www.dkfz.de/en/net 


Technische Universitat 
portal. mytum.de/welcome 


Universitat MGnchen LMU 
www.uni-muenchen.de_ 


University of Karlsruhe 
risruhe.de 
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Focus on Germany 


Current (bottom) and future (top) National Center for Tumor 
Diseases (NCI) building in Heidelberg. 


“But the loss of science during the Second World War has been long 
lasting. There must be a movement toward excellence in science 
again.” 

Toward that goal, DFG and the Wissenschaftsrat implemented the 
Excellence Initiative in 2005 that introduces competition into the 
system to improve the quality of research. Last year, reviewers se- 
lected 22 universities to receive additional funding; a few came out 
‘ahead of the class. Technical University Karlsruhe (TUK), the Univer- 
sity of Munich (LMU), and Technical University Munich (TUM) won in 
all three categories—future development, graduate programs, and 
cluster participation—making the city of Munich the program's bi 
gest winner. 

TUK’s future strategy centers on its longstanding cooperation 
with the Forschungszentrum Karlsruhe, an institute governed by 
the Helmholtz Association. The two propose to create the Karlsruhe 
Institute of Technology, modeled on the Massachusetts Institute of 
Technology in the United States. 

TUK also won funds for its proposal to establish a department of 
optics and photonics and for collaborating with the DFG Center for 
Functional Nanostructures, which will form the epicenter of a nano- 
technology research cluster, 

The Karlsruhe School of Optics and Photonics graduate school, 
which the university intends to establish in collaboration with three 
other research institutions, is intended to plug a hole in graduate 
study. The optics and photonics industry grows annually by about 20 
percent according to the Association of German Engineers. However, 
‘optics and photonics are not distinct disciplines at German universi- 
ties. 

LMU's future strategy is a conceptit refers to.as “working brains - 
networking minds — living knowledge.” It plans to introduce student 
recruitment, conduct more fund raising—a rarity in continued » 
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Focus on Germany 


“We have pretty modern 
equipment. That gives us the 
possibility to pursue science 

that is really new.” 


Anke Pyzalla 


Germany—and use peer evaluation to improve and update teaching, 
quality. 

LMU also intends to launch a graduate school of systematic neuro- 
sciences and participate in three research clusters: the Munich Cen- 
ter for Integrated Protein Science, the Munich Center for Advanced 
Photonics, and the Nanosystems Initiative Munich. 

The third university to take top honors was TUM. It proposed to 
transform itself into an “entrepreneurial university” by adopting a 
series of measures that ensure greater infor- 
mation exchange between the university and 
industry, selectively recruiting students and 
professors, and conducting more fund rais- 
ing. It also plans to further develop its new 
Institute for Advanced Studies, modeled on 
the one in Princeton, New Jersey, which will 
free some of its top professors from part of 
their teaching loads. 

“Both universitiesin Munich are really out- 
standing,” comments Kleiner.” But there are 
no losers in this competition, he adds. Work- 
ing on proposals to apply for the additional 
funds has helped universities focus on the 
future—a task they were never encouraged 
to do. Even the universities that don't win 
Excellence Initiative funding, Kleiner says, 
profit from the exercise of applying. 


Nonuniversity Research 
Established within the past 60 years, German 
nonuniversity research centers such as Max 
Planck, Leibniz, and Helmholtz already have 
reputations for conducting strong science. 
Contributing to their success, says Leibniz’s 
Vogt, is the fact that they are relatively new 
and that they function independently. More- 
‘over, scientists can pursue research without 
the constraints imposed by teaching. 

“We have pretty modem equipment,” says 
‘Anke Pyzalla, director of the Max Planck 
Institut far Eisenforschung in Dusseldorf. 
“That gives us the possibility to pursue sci- 
ence that is really new.” The institute for 
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“Our goal is not only to 
do excellent science 
but also to do things that 
will last beyond the 
research itself.” 


Korinna Bauer 


iron research is one of the very few that are financed partly by the 
Stablinstitut VDEh, she adds, an industrial partner. The collaboration. 
helps the institute conduct projects that would be of interest to the 
steel industry that are potentially profitable. i's a model that many 
institutes and universities would like to emulate, 

To bringuniversity research up to par, one explicit aim of the Excel- 
lence Initiative is to foster more collaboration between universities, 
nonuniversity research centers, and industry when possible—an ef- 
fort that has so far been fruitful. Seventy percent of the 17 research 
clusters thus far awarded funding as part of the Excellence initia~ 
tive are being driven by Max Planck Institutes, says Bernd Wirsing, 
spokesperson at Max Planck, Among them are the Frankfurt cluster 
‘on macromolecular complexes and the clusters of astrophysical sci- 
ence and cellular networks both centered at the University of Hei- 
delberg. 

The Leibniz Association participates in four clusters and the Helm- 
holtz Association participates in six— collaborations that have great- 
ly benefited university scientists and graduate students who have 
access to the better infrastructure that exists at research centers, 
But the research centers benefit too, says Wirsing, because cluster 
participation and the accompanying financial resources enable them 
to branch out into new areas. Leibniz, for example, has broadened 
its research to include ocean science, nano- 
technology, and cellular biology. 

Collaboration among researchers across 
institutions and industry participation is the 
norm in the US. But inertia within the system 
has prevented such collaboration from be- 
‘coming widespread in Germany. Funding that 
promotes research clusters will establish a 
framework for collaboration, says Kleiner. 

Just as beneficial, say experts, is the 3 
percent annual funding increase promised 
by BMBF. It's the first time that the research 
centers can count on at least a 3 percent 
annual increase, perhaps indefinitely, says 
Vogt. Leibniz has mostly put the extra funds 
toward salary increases and internal costs. 

Helmholtz Association, however, has tak- 
ena slightly different tack. It has used much 
of the funding to launch a number of initia- 
tives that mirror the Excellence Initiative. In 
2002, for example, Helmholtz introduced the 
President's Initiative and Networking Fund 
that has so far doled out €150 million to- 
ward three types of projects: collaborative 
research that includes different Helmholtz 
centers, universities, intemational partners, 
and industry; financial packages to support 
young scientists and graduate schools; and 
establishing a framework to improve working 
conditions for researchers. 

After a scientific review process, the presi- 
dent can distribute the additional funds at 
his discretion, says Korinna Bauer, proj- 
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Focus on Germany 


“It has been very difficult 

to offer internationally 
competitive salaries because 
of the mandatory tariff." 


Christof von Kalle 


Alliances scheme, which funds the collaborative research projects. 
For very large clusters, the senate must also give its consent. Still, 
it's a much less complicated process than doling out institutional 
funds, which requires a lengthy review process, she adds. 

Two collaborative projects approved earlier this year, for ex- 
ample, are Physics at the Teraskala and Mem-Brain. Physics at the 
Teraskala aims to investigate the nature of matter and the forces 
operating directly after the Big Bang. Particle physicists from two 
Helmholtz Centers, Deutsches Elektronen-Synchrotron (DESY) and 
Forschungszentrum Karlsruhe, have joined forces with colleagues 
from 17 universities and the Max Planck Institut fur Physik in Mu- 
nich, This alliance will receive a total of €25 million over the next 
five years. 

The Mem-Brain project pools scientific talent from four Helmholtz 
centers, universities, industry, and research institutions both in Ger- 
many and abroad. The goal is to develop ceramic membranes to low: 
er pollutant and carbon dioxide emissions in coal-fired power plants. 
This alliance will receive €11 million over the next three years. 

The fund has been so successful that Helmholtz plans to more 
than double it next year to €57 million. But the extra funds won't 
necessarily go into the same programs. 

“The idea is to do some structural innovation,” Bauer explains. 
“Our goal is not only to do excellent science, but also to do things 
that will last beyond the research itself." Reaching out to young, 
talented scientists, for example, ensures a steady supply of fresh 
talent that wil be interested in working with Helmholtz long into the 
future, Bauer adds. 


Other Projects 

Earlier this year, BMBF officially launched the construction of the 
European X-ray laser facility (XFEL)—a particle accelerator that will 
send electrons hurtling down a 3.4 km underground tunnel to gener- 
ate pulses of brilliant X-ray light. 

Expected to provide bursts of light that are orders of magnitude 
brighter than any existing light source, XFEL will enable researchers 
to film at atomic detail the precise sequence of events in chemical 
reactions, material deformation, and biological processes. 

The XFEL will be built in Hamburg and Schenefeld and is sched- 
led to be complete by 2013. The project is a pan-European effort 
but Germany is funding the bulk: Twelve countries will contribute at 
least 25 percent of the estimated €1.082 billion cost; German fed- 
eral and local governments will finance the rest. 

The facility's closest rival is across the Atlantic, where engineers 
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‘are working on the US Department of Energy-funded Linac Coherent 
Light Source—a machine that will produce X-rays in a manner simi- 
lar to XFEL, emitting pulses a thousand times shorter than existing 
instruments. It is scheduled to be complete by 2009. 

Less grand but equally important is Germany's new National Tu- 
‘mor Center in Heidelberg. For the past 40 years DKFZ has carried 
‘out basic cancer research and cancer patients have been treated at 
the nearby University of Heidelberg hospital. But the collaboration 
between basic and clinical researchers has been limited, explains 
Christof von Kalle, director of the new center, The new center aims to 
translate basic research into new therapies. In 2004, the Helmholtz 
Association gave OKFZ a startup grant to support the project with 
€13 million over five years. 

“That's not a huge amount,” von Kalle acknowledges. But the 
DKFZ, Heidelberg University, and two neighboring hospitals have 
agreed to split the remaining costs 50/50, he adds. 

Right now the center is operating out of Heidelberg University 
hospital, But in two years, it will occupy its own space and become 
the first comprehensive cancer clinic in Germany. Deutsche Kreb- 
shilfe, a nonprofit cancer aid society, has agreed to foot the bill fora 
‘new facility scheduled to be complete in 2009. The new facility will 
‘occupy 5,500 square meters of space, five times the space the cen- 
ter presently occupies. The society has also agreed to finance the 
building for 10 years, after which Heidelberg University Hospital and 
DKFZ will take over, The center's primary goal will be to take promis- 
ing basic research from DKFZ and put it into clinical trials conducted 
atthe center. 


Measuring Success 

‘Overall the changes and additions in the German science landscape 
bode well for scientists—more money means more jobs. But wheth- 
er they go far enough to achieve their intended goals is anybody's 
‘guess. And Germany has other issues that some say hold back the 
nation’s science. One problem echoed by many is the salary system. 

The German government still considers scientists civil servants 
and fixes their salaries via a tariff system. “It has been very difficult 
to offer internationally competitive salaries because of the manda- 
tory tariff," von Kalle complains. Recent changes do offer a scheme 
whereby institutions can top up salaries based on performance, but 
at the same time the government has reduced base salaries and 
even cut university funding in several areas, says von Kalle. 

Gender is also an issue. Only 14 percent of professors are female 
in Germany—about half the percentage in other nations. But change 
is afoot. There's lots of discussion over initiatives that keep women 
in science. Several universities that won additional DFG funding, for 
example, plan to actively recruit more female professors. 

In fact, the Excellence Initiative has been so successful, says 
Kleiner, that he has been discussing extending it beyond its sched- 
uled five-year life span, perhaps indefinitely. “This isn't a process 
that will be finished in five years. We want to make it permanent and 
the response from politicians so far has been very positive.” 


Gunjan Sinha is a freelance writer living and working in Berlin, Ger- 
‘many. 
10.1126/science.oprrs.10700039 
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Bayer AG sets up new foundation 


INCREASED COMMITMENT 
TO EDUCATION AND SCIENCE 


Bayer has a long 
tradition of setting 
up foundations. 
‘The company estab- 
lished its first foun- 
dation way back 
in 1923 in order to 
enable students of 

medicine and natu- 

ral sciences to spend 

time abroad. The 
Leverkusen-based 

Group has now in- 

creased its commit- 

ment to education & 

science by grouping 

together its previous 

foundation-related activities and estab- 
ishing a new foundation for science and 
education: the Bayer Science & Educa- 
tion Foundation. Together with the re- 
cently established Bayer Cares Foun- 
dation and the Hermann Strenger and 
Herbert Griinewald Foundations, both 
of them with a long standing history of 
funding, a total of 20.7 million euros is 
being invested in foundations. 


Overview of the Bayer 
Education Foundation. 


Convinced of the fact that today soci- 
ety needs to invest more than ever in its 
brightest talent, the objective of the Bayer 
Science & Education Foundation is to 
promote natural sciences and research and 
improve educational opportunities in the 
long term, 


‘The foundation sponsors people who 
demonstrate particular commitment and 
outstanding achievement, even, and par- 
ticularly. when they are just starting out 
in a science-related career, The scope 
of sponsorship offered therefore ex- 
tends from school and scholarship pro- 
grams right through to the honoring of 
renowned scientists. 


‘The Work of the foundation is inspired 
by the Bayer Group’s mission statement 
“Bayer: Science For A Better Life” 
One particular focus of the sponsored 


Programs is therefore 
fon segments which 
combine the topics of 
health care, nutrition 
and high-tech _mate- 
rials in an innovative 
manner, 


Individual projects 


Germany's future lies 
in fundamental and 
industrial research. 
In order to promote 

these areas. the Bayer 

Science & Educa- 

tion Foundation will 
award the Otto Bayer and Familie Han- 
sen prizes on an alternate annual basis 
to young scientists from German-speak- 
ing countries for outstanding research 
achievements in new fields of chemistry, 
biochemistry and natural science/medi- 
ccine-related topics. 


Supporting school projects located in and 
around Bayer's registered sites also plays 
a special role in the Foundation's act 
ties. Through this sponsorship, the Foun- 
dation hopes to implement innovative sci 


Anasch Waifasade studies haenan metticine at the 
University of Cologne in Germany His scholar- 
ship of the Bayer fousations allowed him to 
gather valuable experiences as a member of the 
Deparment of Surgery at the Downtown Hospital 
jn New York, USA. 


ence-related school projects that will have 
a lasting effect. Some examples of the 
forms these can take are the provision of 
special teaching material for students with 
disabilities, the introduction of innovative 
teaching methods or the promotion of ini- 
tiatives to improve the continuing profes- 
sional training of teachers. 


The Bayer Fellowship Program assists 
people in achieving particular study-relat- 
ed aims, Undergraduate and post-graduate 
studies as well as internships, theses and 
PHD proposals are sponsored by the pro- 
gram. Internationality is a key aspect of 
the sponsorship program and for this rea- 
son scholarships are preferably awarded 
to allow individuals to spend time abroad 
and to enable foreign scholars to study in 
Germany. In addition to the Bayer and Cart 
Duisberg scholarships for those studying 
biology, biochemistry, biotechnology, bio- 
chemical engineering, chemistry, chemical 
engineering, pharmacy, physics and medi- 
cine, there are also Kurt Hansen scholar- 
ships for trainee science teachers, The 
Kurt Hansen Program, which is a unique 
Germany-wide program, was set up by the 
Foundation particularly in response to the 
increasing importance in the teaching pro- 
fession of having experience of living in 
a foreign country. It funds trainee science 
teachers during time spent abroad and en- 
ables prospective teachers from abroad to 
spend time in Germany. Applications can 
still be made as part of the current selec- 
tion cycle up until October 31. 


‘Thimo V. Schmitt-Lord 
Bayer Science & Education Foundation. 
clo Bayer AG 

51368 Leverkusen 
foundationoftice @bayer 


fiftungende 


‘www.hayer-foundations.com 


Bayer Science & Education 
Foundation 
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POSITIONS OPEN 


Research Fellowships 

to be held at the Babraham Institute, Cambridge 
‘The Babraham Institute i a chatty which is world renowned forts ntitute 
research in Me scences that lads to new medicines ad weatments fr 

human dieses 


Babraham) 


‘The Babraham Institute seeks to encourage and support the careers of highly promising 
postdoctoral scientists who have the clear potential to become Group Leaders. We are 
interested to hear from such scientists in any area of biomedicine that interfaces well with 
our research strengths in cell signalling and epigenetic, who wish to apply for prestigious 
Fellowship schemes, such as those offered by BBSRC, MRC and Wellcome Trust in order to 
build their career at the Institute. We would particularly welcome applications from those 
studying RNA biology, epigenomics nutient sensing, stem cell biology or immunology, and 
from mathematical and structural biologists who would wish to be involved in expansion in 
these areas, Those successful in obtaining Fellowship support willbe granted “tenure-track” 
Group Leader status at the Institute. Successful candidates will receive mentoring with their 
Fellowship applications by the appropriate senior colleagues atthe Institute 

‘Application forms are available on the Babraham website (www-babraham.ac.uk) or by 
contacting our Recruitment Line (01223 496365). Completed application forms andor Cvs 
(including names of three academic referees), and a two to three page research outline 
should be addressed tothe Director, Professor Michael Wakelam and sent or emailed to the 
Institute's Personnel Department (babraham.personnel@bbsrc.ac.uk). Applicants should 
ask their referees to send letters of reference by the deadline below. Informal enquires may 
bbe made to michael wakelam@bbsr.ac.uk, wolf reik@bbsr-acuk olen stephens@bsc acuk 
Further information about the Institute can be found on our website. The deadline for 
applicationsis 31 October 2007. 

‘An Equal Opportunities employer. An institute supported 

by the Biotechnology and Biological Sciences Research Council 
www.babraham.ac.uk 
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Uh ON GERMANY 


Alexander von Humboldt 
‘tiftung/ Foundation 


The Alexander von Humboldt Foundation 
‘enables highly qualified scientists and sehol- 
ars of all nationalities and fields to conduct 
‘extended periods of esearch in Germany. 
Fellowships are awarded solely on the basis 
‘ofthe applicant's academic record, the qual- 
ity and feasibility of the proposed research 
and the candidate's intemational publica- 
tions. The Humboldt Foundation particularly 
‘welcomes applications from qualified, female 
junior researchers, 


Research Fellowship for Postdoctoral 
Researchers who have completed a doctoral 
degree within the past four yeas. 
+ Allows for a stay of 6- 
Germany; monthly stipend of 
EUR plus additional allowances 


Research Fellowship for Experienced 
Researchers who have completed a doctoral 
‘degree within the past twelve years, 
*+ Allows forastay of 6-18 months in Ger- 
‘many; fellowships may be divided into 
a maximum of three visits lasting three 
months or longer; monthly stipend of 
2.450 EUR plus additional allowances 


www.humboldt-foundation.de 


POSITIONS OPEN 


MUSCLE PHYSIOLOGIST 


ASSISTANT PROFESSOR 
‘SecTION oF NEUROBIOLOGY, PHYSIOLOGY AND BEHAVIOR 
Universiry oF Cauirorna, Das 


The Section of Neurobiology, Physiology and Behavior, inthe Collegeof Biological Sciences, University 
‘of California, Davis, invites applications fora faculty position in Physiology at the assistant professor level, 
The section is continuing its initiative to build a program emphasis in Muscle Biology and encourages 
applicants specializing in skeletal, cardiac o¢ smooth muscle physiology to apply. Areas of significant 
interest include, but are not limited 1o, exereise physiology and adaptation, muscle growth and atrophy, 
motor control, metabolic signaling and contol, calcium signaling, and muscle mechanics. Successful 
applicants wll be expected to establish a vigorous research program supported by extramural funding. anal 
‘contribute tothe teaching mission of the Section, including the Exereise Biology major. The successful 
applicant will be part ofa growing group of muscle biologists that include two recent hires wth interests 
inthiek filament regulation of muscle contraction (Samantha Harris, Ph.D.: University of Washington) 
and the role ofthe protsosome in muscle disease (Aldrin Gomes, Ph.D.; UCLA). 


The Section has grown steadily since its inception in 1993 v0 include 32 ladder rank faculty who conduct 
research encompassing a general theme of integrative biology, ranging ffom muscle physiology and 
‘biomechanics, molecular endocrinology, environmental physiology, cell physiology, aging, molecular, 
cellular, and developmental neurobiology, systems neuroscience, and animal behavior. In addition, UC 
Davis has one ofthe largest concentrations of life scieatists in the word, with vibrant units across campus 
that would provide the suocessful candidate witha wide range of collaborative interactions. These units 
include the Department of Physiology and Membeane Biology in the School of Medicine, the UC Davis 
‘Genome Center, the Mouse Biology Program, the Clinical Nutrition Research Unit, the Molecular, Cel- 
Tula, and Integrative Physiology and Exercise Science Graduate Groups, the Center for Neuroscience, 

the Department of Biomedical Engineering. and othee pysiology-related departments ofthe Schools of 
Medicine and Veterinary Medicine and College of Agriculture and Environmental Sciences 


‘Candidates must possess a Ph.D. or M.D. degree with significant postdoctoral experience. Applicants 
should send a letter describing their research plan and teaching interests, a curriculum vitae, copies 
Of representative publications, and the names of at least five persons from whom references can be 
‘obtained to: Sue Bodine, Chair, Muscle Physiology Search Committee, Section of Neurobiology, 
Physiology, and Behavior, One Shields Avenue, University of California, Davis, CA, 95616-8519. All 


materials must be received by January 4, 2008 to be assured full consideration. For more infermation 
‘on the position and UC Davis in general, please visit the following web site: www.npbuedavis.edu/ 
Itypositions/ 


The University of California is an Affirmative Action Equal Opportunity Emplover. 


POSITIONS OPEN 


Johns Hopkins Medical institutions 
‘Tenure-Track Positions 
Influenza and Respiratory Virus 
Translational Research 


Human immunology, Vaccinology, 
Pharmacology 
The Division of Infectious Diseases ofthe Johns 
Hopkins Schoo! of Maticie is reruting 12 
faculty at the Assistant or Associate Professor 
evel to contribute to an emerging instivtional 
Respiratory Viruses Program. Our focus ison 
persons with proven capabilities to conduct 
independent esearch on respiratory infections, 
specially investigations that contribute to the 
prevention o treatment of influenza 
“This recruitment contributes to expanding peo- 
grams i aflvenza virology, structural biology 
and vaccine testing. Emphasis wil be given t0 
researchers with complementary research such 
asin molecular biology of viral replication, host 
irs interactions, and quantitative analysis of 
Viral dynamics 
Candidates must have eared an MD and/or PD 
degree and have a recon of acquiring research 
funding and producing outstanding scholarship. 
Salary and resources will match expenence, 
Candidates should provide a curriculum vitae, 
4 one-page statement of career interest, and 3 
professional references to: Dr, David Thomas, 
Chief Infectious Diseases, Jobns Hopkins 


Application review will begin 


Jobs Hopkins isan 
Equal Opportunity Employer. 


“tnt NATIONAL INSTITUTES OF HEALTH 


w 


‘The Laboratory of Immunology (Li, Division of Intramural Research, National Institute of Allergy and Infectious Diseases, National Institutes of Health invites applications for 9 
‘tenure-track investigater position in immunology. Applicants should have a PhD, MLD. or equivalent degree; an outstanding record of postdoctoral accomplishment; andan intrest 
‘in any arcaof biomed research rated to immunology 


‘Tenure-Track Investigator Position in the Laboratory of Immunology 


‘Specifically, we seck highly creative individual who will establish an independent, forward-looking, world class research program that takes full advantage ofthe special opportu 
‘ity afforded by the stable, long-term funding ofthe Intramural Research Program at NIHL Shetbe sheuld be intrested indeveloping and applying novel approaches to the study of| 
‘problems of major biological and fee medical importance, which coud inelude a major clinical research effort. Thee are ample opporuites to prtcipate in trans NI in 
involving technology development, transtional investigation, and multidseplinary science. 


Generous ongoing support for salary, technical persennd, postdoctoral fellows, equipment, and research supplies wll be provided. Availabe cores or collaborative facilites include 
flow cytometry advanced optical imaging, microarray generation and analysis, computational biology, production of transgenic and gene- manipulated mice, chemical genomics 
and suppeet for projects imvalving RNA screening In addition to an oustanding intematonal postdoctoral community, a superior pool of graduate and underyraduate students is 
available w the successful applicant 


NIAID’s Laboratory of mmunology has a distinguished history of accomplishment in immunology, We stengly encourage outstanding carly career investigators who can continue 
and enhance this record of achievement to apply. Curent LI principal investigators are Ronald Germain, Michoel Lenardo, Rese Mage, David Margulies, William Paul, Ethan 
‘Shevach and Tuan Xiao 


Application Process: To spl, eal your CV, bibliography, and an ouine fa proposed research program (no more than Wo pages) to Ms Wanda Jackson at jacksonw af 
nlal.h.gv or mail fo Ms, Wanda Jackson, 10 Center Drive MSC 138, Building 10, Rm. 44-24, Bethesda, Maryland 20892-1386 E-mal is preferred 


Reference Letters: Thre eters of rconimendation must be set directly from the referes to Ms. Wanda Jackson va e-mail or U.S. mal Plcas eer to Ad #016 on ll com 
‘munications Further information abou this postion may be obtained by contacting Dr. Wiliam Pal (301 496-5046; wpaul@nlaidnih gv). Applications must be recived by 
October 19, 2007 


‘Aull package of enefits including retirement, bal, life and longterm care insurance, 401-& plan) is availble, Women and minotities ae especially encouraged to apply. US, 


citizenship is not required. 


peak 


HIV and AIDS Malignancy Branch 
Center for Cancer Research 
‘Tenure Track or Tenure Eligible Position in Viral Oncogenesis 


‘The HIV and AIDS Mafgnaney Branch (HAMB), NCI, is searching fora tenure wack 
oe tenure eligible investigator inthe fild of viral oncogenesis. tis anticipate that the 
investigator wil establish an independent research program targeted tothe sul of Vial- 
induced ters, especialy those asociated with AIDS. "The esearch program shouldbe 
abl to interface withthe branch's existing clinical and basic programs in AIDS-asocitad 
malignancies. Aparticularinterest willbe fora research program in gammaberpesvinses, 
butether aeasof val oncogenesis will beconsidered aswell, Cumentareasoflaboratory 
research in HAMB focus on the molecular biology of Kapos's sarcoma-associated 
herpesvirus (KSHIV/HIV.8) and human papiflomaviras (HPV), pathogenesis of tumors 
caused by these viruses and the development of novel therapeutic interventions for HIV 
infectice, The clinica research program in HLAMB i primarily directa at AIDS-clated 
malignancies, HAMB is located cn the Bethesda campus ofthe NIH (http eercameet. 
 govlabv/labasp"iabid-63), Candidates foe the position should have an MD/PhD. 
PhD., or M.D, and stag esearch credentials. Applicants fer this position should 
submit a cuniculum vitae including bibliography, a stcment of esearch interests, 8 
two-page outine of the proposed research program, and the names of three references 
(Chairman, Search Committee, HAMB, NCI, Attention Jan Huque, 301-435-4627 fax 
301-480-598, Building 10, Rm. 6106, 10 Center Drive, MSC 1868, Bethesda, MD 
20892-1868 no later than November 18, 2007, You may ako e-mail your application 
to: hugue(@ mail.nih.gos. 


THE NIH IS DEDICATED TO BUILDING A DIVERSE COMMUNITY IN ITS TRAINING AND EMPLOYMENT PROGRAMS 


Tenure-Track Position 
Vascular Medicine Branch 


The Vascular Medicine Branch within the Division of Intramural Rescarch 
Jof the National Heart, Lung and Blood Institute is seeking an individual to 
dircet an independent rescarch program in lipoprotein metabolism and vascular 
therapeutics. Demonstrated research accomplishment and execllence in the 
rca of lipoprotcin metabolism will be considered, however, preference will be 
given to those working in the area of HDL metabolism and potential therapeu- 
tic approaches, The candidate may have an M.D., Ph.D. of both and have an 
outstanding record of research accomplishments as evidenced by publications 
in major peer-reviewed journals. The position is tenure-track and comes with 
| gencrous start up support. Also available is open access 10 various core facil- 
tics, including transgenic and knockout mouse facility, confocal and clectron 
microscopy cores, multi-modality non-invasive mouse imaging facility, RNA 
resources, loorescent activated cll sorting facility and state ofthe art genomics, 


experience and qualifications. Appointces mustbe US citizens, resident aliens or 
non-resident alien with valid employment visa. Applications must be received 
by October 31, 2007, Please submit a curriculum vitas and brief statement of| 
rescarch interests along with three Ieners of reference to Ross Helfer at helTom (a 
mail nik.gov or mail 19: 


Robert S. Balaban, Ph.D., Scientific Director, NHLBI, c/o Mr. Ross Heer, 
| Administrative Officer, NHLBI, 10, Center Drive, MSC 1670, Building 10, 
Room 78220, Bethesda, MD 20892-1670. 
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NORTHWESTERN 
UNIVERSITY 
‘The Department of Biochemistry, Molecular Biology and Cell Biology 
ecks outstanding individuals whose research programs complement the 
‘existing interdiseiplinary strengths of the department 


The department isa vibrantand exciting research and taining environment 
located on the undergraduate campus in Evanston, IL. The openings ofthe 
PancoeENH Life Sciences Pavilion and soon to be completed Silverman 
Hall are part of an ongoing expansion ofthe life sciences at North western 
Please visit our website at www. biochem northwestern.edu. 


SENIOR FACULTY —TWO POSITIONS 
‘Associate or Full Professor 
Applicants should submit electronically a single Adobe PDF or Microsoft 
Word file containing a cover leter, curriculum Vitae, research summary 
and statemtent of teaching experience to bmbch@ northwestera.eda using 
“BMBCB Senior Search’ as the subject 
Jusion Facerry ~ Two Po 
Assistant Professor 


We are particularly interested in individuals using state-of-the-art imaging 
‘6 biophysical approaches to answer fundamental questions in biology. 
Applicants should submit electronically a single Adobe PDF or Microsoft 
Word file containing a cover letter, curriculum Vitae, research summary 
statement of future research goals and statement of teaching interests 
bmbebanorthwestern.edu using "BMBCB Junior Search” asthe subject. 
Applicants should also arange for four letters of recommendation to be 
sent on their behalf. Review of completed applications for all positions 
will begin on November 1, 2007. To ensure full consideration, all material 
should be submited by that date 

Northwestem University is an AA/EOE. Women and minorities are expe 

ally encouraged to apply 


HEAD, WARFIGHTER PERFORMANCE 
S&T DEPARTMENT 


Te Oice of Naval Research (ONR) is seeking an outstanding indi to serve 
In tks Cl Service postion inte Senor Execute Service SES). Salary range i 
111,676 © $168,000 per yea, depending on qualifications, In adit to salary, 
‘areer SES appaitees are elipbe to compete for pertrmance awards and bonuses. 


‘3 Departnet Head the noumbent parcpates wit othr top management 
offciats advising on matters concening the poles and personnel ofthe science 
and techanogy program and in reconmending tothe Chief of Naval Research the 
scientfic and technical contents ofan integrated scence and technology program, 

In support of the approved program and areal Otice of Naval Research mission 
requirements, te incubert manages an extensive Departmental research and 
‘Gevelopment program focused one integration of basic research, apple research, 
2nd advanced tectnology development inthe fl of science and technology such 
235 computational newoscience, cognitive scence, manpower, personne, trang, 
husnan facoss,ocaspatonal and environmental heath, medicine of naval operations 
(undersea, Marine Corps, surtace, aerospace) and combet/contogency medting 

The noubent responsbie and acountabie for planning and executing the 
Department’ program. The incumbent: provides leadership to and establishes the 
‘sod sect of he program: establishes the obpeves. paces, and pees 
DerSnent to the program: oversees and ensures the eflectve accomplishment of the 
fxtenave acbues ofthe Department ¢ isons: and coordinates and cooperates 
with ther Departments in working to achieve a fly Inegrated science and 
technology program inthe Ofie of Neal Research 


For detalles information on qualfcations and how to app, applicants may 
owniad a copy of Announcement # NW7-XXXK-O0-4H6Y:9666-SES trom the ON 
web ste hp /ewwons nay nile. Aplations most be received in the Human 
Resouces Service Center Northwest by the dase of business October 12,2007 
Emaled, faxed or postmarked app cations wil not be acepted. 

‘ONA IS AN EQUAL EMPLOYMENT OPPORTUNITY EMPLOYER 


‘AND PROMOTES DIVERSITY IN THE WORKPLACE. 
WOMEN AND MINORITIES ARE ENCOURAGED TO APPLY. 


OLUMBIA UNIVERSITY 


Department of Biological Sciences 


‘The Department of Biological Sciences of Columbia University 
invites applications fora tenure-track position. We anticipate that 
the appointment will be at the Assistant Professor level, but we 
will consider applications from more senior individuals. We are 
looking for individuals with outstanding and Innovative research 
records and future plans, and who will complement the current 
strengths of the Department. Our Department has a fong history of 
leadership in modem biology and a broad multidisciplinary focus 
(Gee hitp:/www.columbia.edu/cu/biology). We are located on the 
main campus of Columbia University, surrounded by other basic 
science and engineering departments, and have strong ties to our 
Medical School. We expect that the successful candidate will 
develop a vigorous research program and also participate in 
‘undergraduate and graduate teaching. Ph.D. in biological sciences 
or related field required. 


Send Cy, statement of research goals, and three letters of 
reference by November 1, 2007, by e-mail (preferred) to: 


biologysearch @biology.columbia.edu 
‘or mail to: 


Department of Biologic 
Columbia University 
600 Fairchild, MC2402 
New York, NY 10027 
Columbia University is an equal opportiiy/atimatie action employer 
Miorties and women are encouraged to apply. 


Tenure-Track Faculty Position in 


Chemistry or Chemical Biology 
Sloan-Kettering Institute 


‘Shun Kettering Innate seeking an innovative individual at the Avant 

ber level with strong research accomplnhinents in thee oF 
‘mechanic organic chematry, cr chemical hogy to be part oa research 
[progam which adklrews problems relisng to troorgaic chemiary and 
Eincer tewarch, A doubling of chemical research fesources and core 


{Ballies are nun saab on expan. Faculty al be elgte v hold graduate 
ments in the Gerstner Shatn-Retering Grathite School af 
the Well Grduste Sebool of Medical Sciences of 


onal Trai Pro 
MSKCC offers un 


nhs Chemical logy 


gImamulogy, Macular Baokigy, Campo 
Boakgy, Devekprenal Balogy Cares Pathogen 


oral Blogs. The preece en camp of work eonvnied iia 
catcer research, teament and. preveton offers ey 
or ceathe collabora 

pliant mu have a PLD. in chemniry ana dedication 4 engage in 

tsi reas efforts tthe tnerace of cern Blo eh 


tosectte external nding 


preferably in PDF fornat, 1 
ne appheaton should ic lide 
‘TUy,adesenpmon et pas research, a description of popoed reseatch, a0 
copies of three representathe publications: Candidates sbht ran 
fhute three aged keter of reference set by earl to chembiofmshce 
cal : David Gin, PRD and Sam reve sae 
‘Aico, Box 428, Mokecular Pharmacology and Chemistry Program, Memorial 
‘Soon Kettering Cancer Center, 1273 York Avemic, New York NY. 10021, 
Memorad’ SoatoXencring Cainer Center at afmatie acho, eq 


Sloan-Kettering Cancer Center 


Yyoreesay solnedeisuloig 


become a miracle? 


Imagine what you can achieve at a biotech start-up with unrivaled global resources. Imagine translating leading 
research into life-saving biotherapeutics. Imagine a biotech company atmosphere within one of the world's largest 


pharmaceutical organizations. 


‘At Pfizer Bictherapeutics Research, we're not content waiting to witness the evolution of our industry. Instead, we are building 
n our current successes and capabiltes, with a goal of developing the most competing story of biotherapeutic scientific 
ciscoveries - and through this a compeling portiolo of biological therapies. 


‘Our emphasis on innovation in Biotherapeutics has brought to market a wide range of ground-breaking medicines, such as 
Fragmin, Genotropin, Macugen, Somavert and our first-in-class inhaled insuln product Exubera. Our accomplishments, to 
date, make us the eighth-largest biotech in the world with an anticipated $1.5 bilion in sales. But there is much more work to 
bbe done, and we are staged to defver on our challenging goals wth a blossoming pipeline. 


Paying an integral part ofthe Biotherapeutics nein Pfizer Researchis Vaccines Research, The vaccines research departments 
in Sandwich, UK and La Jolta, CA seek to discover novel vaccines (prophylactic and therapeutic) for the prevention and 
treatment of significant human diseases (infectious diseases, oncology, CNS and Alergy and Respiratory) using a variety of 
vaccines technology piatforms combined with mmunomoduatory agents. 


‘Another essential part of Biotherapeutics Research is Rinat PGRD, which is comptised of skiled proten engineers, 
pharmacologists and bochemists that have expertise in developing novel protein-based therapeutics. Rinat is currently 
collaborating with other PGRD sites to conduct research that addresses significant unmet medical needs in Neurology, 
‘Oncology, Infectious Disease and Cardiovascular, Metabolic and Endocrine Diseases, 


The Research team in St. Louis, MO also plays a key roe in Biotherapeutics by focusing on the generation of novel therapeutic 
proteins, aptamers, and antibodies to treat diseases in numerous therapeutic areas. The St. Louis scientists, using key strategic. 
allances with Medarex, MarphoSys, Archemix and Noxxon, work in a collaborative fashion with Pfizer Research sites around 
the globe to delver both monoclonal antibodies and macromolecular therapeutics. Addtionally, one of the key research interests 
in St Louisis applying protein engineering to support improving phamaceutic properties of Biotherapeutics. 


Your talents can change the world. Join Pfizer Biotherapeutics Research and turn discoveries into miracles. 


To apply or to leam more about our people, our pipeline, and 
our plans for the future vist www.pfizerbiotherapeutics.com 
Werep e an equal opportunity employer and welcome applications 
from people with diferent experiences, backgrounds and ethnic origins, 
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UCM 


Two Life Sciences Faculty Positions 
University of California, Merced 

UC Merced isthe 108 UC campus and the fist new US research univer- 
sity of the 21" century. The School of Natural Sciences at UC Merced 
seeks applicants for two faculty positions atthe assistant, associate, or 
full peofessor ranks to continue building a life sciences program with a 
strong biomedical emphasis. Candidates must havea Ph.D. or equivalent, 
record of research, publication, and teaching commensurate witha fac~ 
‘ulty appointment atthe UC, anda strong interest in creating acurriculum 
characterized by strong cross-disciplinary links. Applicants are sought 
in the following two areas: 
‘Complex Diseases: defined as diseases that are influenced by the actions 
‘of multiple genes, and include but are not limited to Alzheimer’s disease, 
ceardiovascular disease, Crohn's disease, asthma, cancer, diabetes, persis- 
{ent infection, and metabolic disorders. 
Developmental Biology: including observation of embryonic develop 
‘ment from the single cel to mature organism, gene regulation, intercel- 
lular communication, intracellular signaling, cell fate decisions, organiza- 
tion of body plans, and evolution of developmental mechanisms. 
For more information oF to apply, please visit: 

‘htep:/jobs.ucmerced eduin/academic/listings jsf?seriesid=1 
Applications must be received by November 30, 2007. For further 
information please contact Prof, David Ojeius (Complex Diseases): 

t edu, of Prof. Michael Colvin (Developmental 
Biology): meolvin a uemerced.edu. 
AA/EOE 


Biochornistry & 
Molecular Biology 


‘TENURE-TRACK FACULTY POSITIONS 
Department of Biochemistry and Molecular Biology 
Indiana University School of Medicine 
The Department of Biochemistry and Molscular Biology is secking appli- 
cants for several TENURE-TRACK FACULTY POSITIONS at any rank. 
This search continues a vigorous expansion of the Department in which 
$8 new faculty members will be added over the next few years, Indiana 

University School of Medicine offers a highly mleractive scientific env 
ment with many multidiseipinary centers and siate-ofahe-an core facilites 
tncliding transgenic, maging, genomic, peotcomic, and chemical genorics 
(nttp:/w ww.medicineiu.edu/research). Candidates with research interests 
that complement or strengthen the existing rescarch activities (http://w ww, 
bbiochemistry.iu.edu), or who bring novel approaches and/or expertise in 
chemical biology, structural biology signaling mechanisms, systems biology, 
proscomics/genomics, RNA-modiated processes, epigenctics, stem cells, and 
‘poncttdiscase model systems are encouraged o apply. Successful applicants 
are expected 1 develop a strong, independent extamurally funded research 
‘rogram and participate in graduatcand medical student teaching. Highly eom- 
petitive salary, start-up Funds and laboratory space will be provided, Applicants 
‘must have a Ph.D, M.D. or equivalent degree, postoctoral experienee, and 
clear evidence of research praductivity. The search committee will begin eon 
sideration of applications immediately and eontinue unl positions ars filled 
Applicants should subent curriculum vac, a brief summary of past accomplish 
‘mcnts and future research plans, and the names and email addresses of a least, 
three references elovtroncally (0: blomjobs.a iupuLedu or by mail to: 

‘Dr, Zhong-Yin Zhang, Professor and Chait 
‘c/o Patty Dilworth 
Department of Biochemistry aod Molecular Biology 
Indiana University School of Medicine 
‘635 Bar bill Drive, MS4083 
{ndlanapolis, IN 46202-8122 
Indiana University isa Equal Opportunity’ Affirmative Action Employer: 
Educator and Contractor, MED. 


Faculty Position in Chemical Biology 
The Life Sciences Institute (LSI) at the University of Michigan 
invites applications fora position atthe rank of Assistant or ASSO- 
ciate Professor in the field of chemical biology. Chemical biology 
is broadly defined and the successfl applicant will use chemical 
methods to address an important biological question 


The LSI is scientific enterprise at the University of Michigan 
dedicated to opening new scientific paths by blending diverse 
research talents in a state-of-the-art collaborative physical space 
(wwwalsiumich.edu). The LSI is currently home to 26 interactive 
‘Taculty in the areas of cell biology, yenetics, bioinformatics, struc- 
tural biology, signaling, and chemistry. 


Candidates are expected to develop an internationally recognized 
program of scholarly research and to excel in teaching at under- 
‘graduate and graduate levels. The positions will remain open until 
filled but preference will be given toapplicants who have submitted 
all requested materials prior wo October 15,2007. Applicants should 
send the following (in PDF format): a curriculum vitae, copies 
‘of up to three reprints, a one- to two-page summary of research 
plans, and arrange to have three letters of reference sent directly 
to: Isichembio@ umich.edu 


The University of Michigan is supportive of the needs of dual 


career couples and is a non-discriminatory. Affirmative Action 
Employer. Women and minorities are encouraged to apply 


lifesciencesinstivute 


CHAIR @ DEPARTMENT OF BIOLOGY 


The Department of Bink the College of Charteston invites 
spplications and nominations for DEPARTMENT CHAIR. Located in 
historic Charleston, South Carolina, the College of Charleston isa public 
liberal arts and sciences insitution with approximately 11,000 
undergraduate and graduate students, The Department of Biology is 
Jocated on the main campus and at nearby Grice Marine Laboratory, and 
is comprised of 32 fulltime faculty who actively pursue research in a 
broad range of biological disciplines both individually and 
collaboratively with local, state and national partners. Faculty research is 
supported by NIH, NSE, and USDA, among others, With over 800 
undergraduate majors the deparunent awards B.A. and B.S, degrees in 
biology with emphases in marine biology, molecular biology, and 
biology teaching and supports intenlsciplmary minors an neuroscience, 
‘environmental studies, and discovery informatics. It offers M.S. 
‘degrees in marine biology with an optional emphasis im genomics, and in 


‘environmental studies. The department values and promotes independent 
research by undergraduate and graduate students. Further information is 


‘available st htnpy 2 We are socking 4 dynamic 
‘ond innovative eader with an established rescarch program, commitment 
to excellence in teaching, and significant administrative experience. 
Applicants should send a cover leter, Curriculum vitae, and contact 
fnformation for four references, at least one of whom can address the 
applicant administrative skills to: George Pothering, Biology Chale 
Search Committee, Department of Biology, College of Charleston, 
‘Charleston, SC 29424. Telephone: (843) 953-5504. Email: 
blologychairaeofe.edu. For fullest consideration, nominations and 
applicant materials should be received by 10/31/07, however, 
‘applications will be accepted until the position filled. For more 


informatio contact the commits tlt Cron 1 BoE of 
CHARLESTON 


The College of Charleston i 
Abirmative Action Equal Opportanty = 
leer ond encourages applications from SCHOOL OF SCIENCES 
= ——— AND MATHEMATICS 


mon and mrnoraien. 


Science Careers 


\ 
— Wellman Center 4] 9 sr 
oy 
Assistant or Associate Professor 


The Wellman Center for Photomedicine (WCP) at Harvard Medical School and the Harvard Univessity- 
Massachusetts Institute of Technology Division of Health Seiences and Techoology (HST) are jointly 
recruiting new faculty members atthe Assistant or Associate level. A broad range of areas will be 
‘considered including, but not limited to pathology, image guided therapy. applications of nanotechnology 
to photomedicine, advanced microscopy and! molecular imaging, high throughput gene, protein, and 
‘molecular analysis, and photodynamic therapy. A competitive start-up package will be provided, 


‘Candidates willbe expected to promote and foster multidisciplinary research within Wellean, HST, and 
the langer MGH and Harvard research communities. The Wellman Center, located on the Massachusetts 
General Hospital Campus, will be the primary location. The Wellman Center for Photomedicine isthe 
largest academic research facility dedicated to investigating the effets of light oa human biology and 
to the development of lightmediated, minimally invasive diagnostic and therapeutic technologies. A 
pioneer in light-based biomedical research, the Center has been the source of many of the most successful 
‘ransers ofthis research to clinical upplication (http:/www.mgh.tarvard.edu/wellman) 


The ideal candidate would combine a record of achievement in scientific research and a demonstrated 
imeres in translational research, with MLD., PRD. or M.D-PhD. degrees. An outstanding publication 
recont and demonsirated ability 0 obtain independent peer-reviewed funding is expected. Applicants 
should submit; () curriculum vita, (i) statement of research interests and goals, (iti) statement of 
teaching interests, (iv) brief ideas of potential collaborative possBibties with WCP and HST faculty (tp: 


‘Mest.mlt.edu),(¥) plans foe future Funding, and (vi) repeiats of selected recent publications. Applicaats 


‘thould have three letters of recommendation sent directly to the Search Comittee Chait. 


Although applications will be accepted until the position is filled, complete applications (including 
Feference letters) will be reviewed beginning November 1, 2007, aod should be mailed to: Gary 
Tearney, M.D. Ph.D. Chair of Faculty Search Committee, c/o Susan Weeks, Wellman Center for 
Photomedicine/MGH, 40 Blossom Street BAR 604, Boston, MA 02114, Electronic versions of the 
application materials should also be sent to (WCPEacultySearchia partners.ory) 


Mascacinusetts General Hospital, Harvard University and Massachusetts Institute of Tecmology are 
Equal Opportunity Employers. Women and minorities are encouraged to apply: 


UCMERC ED 


Faculty Positions 
in 
Ecology 


‘Three tenure! tenure-track faculty 
positions open in Ecology at UC 
Merced, the newest 10th campus in 
the University of California system, 
We seek outstanding individuals 
with research intere in any area 
of ecology using experimental, field, 
computational, and/or theoretical 
approaches and working at popula- 
tion to ecosystem scale 


For more information/ to apply, 


visit: http://jobs.ucmerced.edu/n/ 
academic/listings.jsf?seriesId=1 


ASNSI221A. 
Deadline is November 12, 2007. 
AA/EOE 


HEAD of DEPARTMENT and PROFESSOR 
Department of Bioengineering 
University of Illinois at Urbana-Champaign 
Bioengineering education and research inthe 21* century will exploit the revolution in biomolecular 
sciences, building onthe spectacular advances in imaging and devices that have fundamcotally changed 
‘biomedical diagnosis, therapy and research. Exploration ofthe human body at vastly different scales, cou 
pling of macroscopic physiology to microscopic biology. creative development of mic apd napo sensors, 
fan! massive computational approaches in bioinformatics all constitute grand challenges i education and 
ch. Thenew generation of highly engaged bioengineering stulens will transform the workforce and 
society's ability to improve our quality of We 
Against this backdrop, the College of Enginccring of the UIUC (wwwengealuecedu) established the 
Department of Biocagincering (www.bloen uive du) in 2003, Today, the Department offs undergraduate 
(BS), and gradwate(MS, PHD) clucational and research programs focusedoo bwimaging. cellular andtisive 
‘engineering, computational bioengincering systems boogy, and nano-and microsystems technology. The 
Department has sx fulbtime faculty members, will pein size over the next five years and has a nctwork 
of afiiated faculy. Expanding collaborations wits related acivtics aross the Colleges of Engineering. 
Maticine, Veterinary Medicine, and Liberal Ans & Seienoesenrichthe Departmca's education and research 
programs. Bioengineering faculy participate actively in campus-wide initiatives located atthe Bockman 


Institute for Advanced Science and Technology, Institute for Genomic Biology, Coordinated Sciences 
Laboratory Fredrick Seitz Materials Research Laboratory, the Micro and Nanotechnology Laboratory, and 
‘ill have key ole in the campus priority on translational biomedical education and research 


Applications and nominations are sought for the position of Heal oF the Department. We scck a vistonary 
Jeader with organizational skills to advance this young Department ito a precminent position of research 
tnd education. Applicants must have an earned PhD MD in a rclevant fick, recognition as a distinguished 
‘searcher and scholar, and strong intrest in developing the escarch and teaching programs of the Depart= 
‘mcat. The Departmen! Head isthe chief administrative office w th responsibilitics for Leading the faculty 
inthe development of esearch, teaching and public servies, external fund raising. and for administrative, 
‘budgetary and promotion decisions. The Department Head holds the rank of Professor in Bioengineering 
‘with tenure and reports to the Dean of the College of Engioccring. 

The proposed date of appointment is June 2008 ar as soon as possible therealler. Salary is negotiable. To 
‘casure full consideration, applications must be received by December 1, 2007. Submit applications elc- 
Imonically as a single PDF document to: cee-searches uive eds. Elecronic applications should snclade 
aletcr of application and a complet resume. The cover Ieticr should be addressed to: Professor Robert 
H. Dodds, Jr, Chair of the Bioengineering Search Committee, I1L4 Newmark Civil Engineering 
Laboratory, 205 North Mathews Avenue, Urbana, I 61801. Telephone: 217-333-6378 

The College is committed o building a diverse environment: minorities, women and other designated 
lass members are encouraged to apply. The University of Minos isan AA/EO Employer 


Stanford University 
Ecology Faculty Position 
‘The Department of Biological Sciences at 
Sunfoad University savites applications foe a 
tenurerack faculky positon as Assistant Pro 
fessor with a research and teaching spec 
tion in ecology Research interests ma 
behavioral populationand or community ecol 
ogy with refereoce to animals, plants 
fmicroorzaniss, and may empiey theoretical, 
‘experimental and/or comparative methods. 
Applicants ate expected to develop a vigor 
‘ous research program) and to participate in 
tmdergeaduate, graduate, and postdoctoral 
cdvcation and training. For information about 
the Department consult our web page: htt: 
(oilogy:stanford ed, 
Applicants are requested 10 provide a cover 
dete, a curriculum vita inching list of pub- 
lication, a statement of research accomplish- 
ments and future research plans, description 
‘of teaching experience and aspirations, andthe 
fares of three persons whom We ean OAC 
for leters of recommendation 
Applicant materials must be received by 
November 15, 2007, The appointment is 
anticipated to bein Seprember 1, 2008, 
Ioveresed candidates should apply eaine at 
‘AcademiedobsOnline.Org 
‘Stanford University isan Equal Opportunity 
Enplover and i committed to increasing the 
adversity ofits facut. I welcomes nominar 
‘ons of ae applications from women and 
minority groups as well as others who would 
bring addtional dimensions tothe univers: 
15 reearch, teaching and clinical mission. 


z 
y 
£ 
8 
S) 
v 
5 
3 
a 


PHARMACOLOGY CHAIR 
UNIVERSITY OF ALABAMA SCHOOL OF MEDICINE 
ATUAB 


The University of Alabama School of Medicine at UAB is secking 
Applications and nominations for the position of Professor & Chair 
of the Department of Pharmacology. This isa tenured position. The 
successful candidate will be an internationally recognized MD or 
PhD scientist who has demonstrated success in teaching, research, 
and administration, The UAB Department of Pharmacology currently 
has 18 full-time faculty with 30 active grants and 23,000 square 
feet of rescarch space. The new Chair will have the opportunity and 
resources to implement an aggressive and visionary approach to 
Pharmacology, and will have substantial leeway in implementing 
their vision for the Department, UAB secks an innovative new Chair 
‘who will position the Department as a leading academic and research, 
‘enterprise nationally. The University is the largest state employer with 
‘more than 20,000 employees and a $1.9 billion budget. 


Nominations and applications should include a curriculum vitae, 
bibliography and the names and addresses of atleast three references 
and should be sent electronically (preferably) to Mroser@ uab.edu 
‘or mailed to 
Dr. David Sweatt, Chairman 
Pharmacology Search Committee 
C/O Margarete Roser 
University of Alabama School of Medicine at UAB 
1530 3° Ave S; FOT 1230 
Birmingham, Alabama 35294-3412 


The University of Alabama at Birmingham is an 
Equal Opportunity’ Affirmative Action Employer. 


Immunology 
Tenure-track Faculty Position 


The Department of Immunology at the University of Connecticut 
Health Center seeks outstanding investigators for a tenure-track 
position at the AssistanUAssociate Professor level. Although all 
areas of immunology will be considered, we are particularly 
interested in individuals using molecular and cellular approaches 
to study immune system function in vivo, Areas of priority include 
dendritic cell biology or innate immunity, immune cell signaling and 
‘immunity to infection. Salary and start-up funds are highly competi- 
tive and outstanding core facilities are available, Applicants must 
havea Ph.D., D.Sc. and/or M.D. with postdoctoral experience and a 
quality publication record. For the Associate Professor le 

cants should havea record of substantial productivity and susti 
extramural funding. 


Please submit curriculum vitae, two-pagi 
interests and the names of three references to: 
Leo Lefrancois, Ph.D., Chair 
Immunology Search Committee 
Department of Immunology MCI319 
UCONN Health Center 
263 Farmington Ave, 
Farmington, CT 06030-1319 
Email: Goreate@nsoluche.cdu 
For further information on UCHC please visit immune.uche.edu. 


smmary of research 


UCHC is an Equal Opportunity Employer MF/V/PwD. 


Beth Israel Deaconess 
Medical Center 


FACULTY POSITION in 
‘THE TUMOR MICROENVIRONMENT 


The Department of Pathology at Beth Israel Deaconess Medical Center is 
socking a fulltime scientist at the Assistant Professor level. The Center is 
‘8 major teaching hospital of Harvaed Medical School and is undergoing an 
ambitious program of growth and i expanding the streagth and depth ofits 
faculy, In 2008, we will move into a new state-of-the-art research building 
\hich will become the epicenter for basic science research. 
We are seeking candidates of exceptional promise who have strong records 
of research creativity and productivity in basic or translational research 
The department has expertise inall areas of eancer cell biology and seeks (0 
expand into related areas, especially in tumor microenvironment. Examples 
‘include but are not limited to angiogenesis, inflammation, tumor imenunol- 
‘ogy stem cell and stromal cell biology. 
The successful candidate will receive a highly competitive startup package 
and appointment tothe faculty of HMS, We strongly encourage interactions 
among research and clinical faculty and provide opportunities to access & 
human tumor resource through its Divisions of Anatomic Pathology and 
Laboratory Medicine. The Medical Center provides an exeeptional oppor- 
tunity for scientists who aspire to workin a setting that combines the power 
of HMS and its affiliated institutions with an unusually collegial, suppoctive 
and ioteractive environment 
Applicants must hold a PhD andior MD degree. BIDMC is commited to 
Increasing the representation of women and members of moeity groups on its 
faculty. Interested applicants should submit a CV, a statement outlining exist- 
ing and planned research activities and the names of theee references to: 
Alex Toker, Ph.D. 
Beth Israel Deaconess Medical Center 
Department of Pathology 
330 Brookline Avenue, RN-237 
Boston MA.02215 
E-Mall: atoker‘@ bidme.barvard.edu 


Center for Epigenetics 


Johns Hopkins University 


The Center for Epigenetics is a major new initiative of the 
Institute for Basic Biomedical Sciences at the Johns Hopki 
School of Medicine to establish the first interdisciplinary 
research center devoted to epigenetics research. Members of the 
Center work in a collaborative and interactive environment on 
the mechanisms of epigenetic regulation and the role of 
epigenctics in development and human disease, The Cen 
seeks new faculty working in fields related to epigenetics, 


including biochemical and structural studies of chromatin and 


DNA modifications, the epigenetics of humans and model 
organisms, and novel computational and systems. biology 
approaches. A strong infrastructure is provided by an NIH 
funded Center of Excellence in Genome Sciences in 
Epigenetics. Faculty will reside in new laboratories on the Medi 
cal School campus and receive primary appointments in an 
existing departments within the School of Medicine. 


Applications will be considered on a rolling basis, but should be submitted 
‘no later than January 15, 2008, Please email a CY, research plan, names and 
emails of three references and up to three publications, alin pdf format to 
IBBScenters(ajhmi.edu. Indicate CE in the email subject line. 


The Johns Hopkins University is committal to diversity and equality in education 
‘and employment and encourages applicants from under represented groups 
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THE UNIVERSITY OF 


KANSAS 


Faculty Position in 
natics/ Computational Biology 


The Center for Bioinformatics and the Departs Molecular 
Biosciences at the University of Kansas invite applications for a teaure- 
track assistant professor position expected to begin August 18, 2008, 
Applicants should have a clear interest in the modeling of protein interac 
tions in networks or systems. The imterdisciplinary Center for 
Bioinformatics (www.bioinformati if 
strengths in the Department of Molccular Biosciences (www.molecular 
bbosciences.kw.edu), including structural biology. computational chemistry 
‘and developmental/molecular genctics The Center fosters 
International activities in Bioinformatics and combines oustanding research 
tnd an affiliated Ph.D. program. Duties: To establish and maintain an exter 
nally funded research program, 10 purticipate in teaching, and wo provide 
service. Required Qualifications: Ph.D. and postdoctoral expericnce in a 
discipline related 10 Bioinformatics: potential for excellence in research 
Bioinformatics as evidenced by publications in highly ranked journals and 
novative research objectives: and commitment to tsaching life sciences 
‘courses evidenced by caching philosophy statement. The successful candi- 
date for the position should be eligible wo workin the U.S. porto the start- 
ig date of the position, For the full position announcement, refer to: 
www.clas.kuedu Enuil application as a single fe including CV, leuer 
‘application, statement of past and future esearch and teaching imcrests and 
Philosophy Wo: rweaver@kuedu Have atleast theoe letters of reference 
nt separately to Dr. Robert F. Weaver, Professor and Associate Dean, 
College of Liberal Arts and Sciences, 1450 Jayhawk Blvd, Lawrence, 
KS 66045-7535, tnitial review of applications begins November Ist and 
‘will continue until the position is Billed. 
EOIAA Employer. Women, minorities, and candidates who will contribute 
‘w the climate of diversity in the College, including a diversity of 
scholarly approaches, are encouraged to apps. 


UNIVERSITY OF CALIFORNIA, 
BERKELEY 
ASSISTANT PROFESSOR 


“The Department of Nutritional Sciences and Tox: 
cology, the University of Califernia-Berkeley, is 
recruiting for an assistant professor (nine-month 
tenure-track) starting as early as July 1, 2008. 


Weexpect the appointee to develop vigorous and independent research 
program investigating metabolic regulation, control of metabolic sys- 
‘ems, and/or the relationship among nutrients, phytochemicals, toxicant, 
‘genetics, and disease. Applicants should have a biescience Ph.D, M.D., 
‘6 equivalent degree, with training and experience inexperimental biol- 
‘ogy. The appointce will have opportunity to work with Ph.D, students 
in four interdepartmental programs: Molecular and Biochemical Nutri- 
tion; Molecular Toxicology; Comparative Biochemistry; Endocrinology. 
‘The appointce will also contribute to educating undergraduates seeking 
degrees in nutritional biology and molecular toxicology. Numerous 
‘opportunities exist for interactions with colleagues at UCB and in the 
Bay Area 


Applications should include a curriculum vitae, a statement of cur- 
rent and proposed research, copies of publications, and the nan 
land addresses of at east three references. Applicants should have 
their referees send references to us directly, and should refer their 
referees to the UC Berkeley Statement of Confidentiality at: http: 
apo.chance.berkeley.cdw evallechtml, Applications should be sul 

ied to DNSTsearchia berkeley.edu (electronic submissions strongly 
preferred) or to: Search Committee Chair, Department of Nutritional 
Sciences and Toxicology, 119 Morgan Hall, University of Califor 
Berkeley, CA 94720-3104, The deadline for receipt of applications is 
December 1, 2007, Late applications will not be accepted, 


The University of California is an Equal Opportunity, Affirmative Action 
Enplover. We are especially interested in a diverse applicant pool. 


Faculty Positions 


Yale Stem Cell Center 
Yale University Schoo! of Medicine 


The newly established Yale Stem Cell Center invites applications for 
faculty positions atthe rank of Assistant, Associate, or Full Professor. 
Rank and tenure will be commensurate with experience. Applicants 
should have a Ph.D. and/or M.D. degree. Each successful candidate 
will be expected to develop a vigorous, extemally funded research 
program on fundamental questions related to the biology of embryonic 
‘or adult stem cells. Investigators wll join vibrant stem cell research 
community at Yale with over 40 labs working on various aspects of 
stem cell biology and medicine, and will have opportunities to com 
pete for Connecticut State funding for stem cell research, including 
research on non- federally approved human embryonic stem cel ines 
Investigators will also contribute to teaching graduate and/or medical 
students as well as shaping stem cell research at Yale. 


Applicants should mail a three-page research statement and CV, and 
tarrange to have three reference letters sent to: 
Haifan Lin, Ph.D., c/o Kristin Dugan 
Director's Office, Yale Stem Cell Center 
P.O. Box 208073, Yale University School of Medicine 
10 Amistad Street, New Haven CT 06509 


Application deadline is December 18, 2007. Follow-up inquiries 
should be sent to: kristin.dugan @yale.cdu. 


Yale is an Affirmative Action/Equal Opportunity Employer 


HARVARD UNIVERSITY 
CENTER FOR BRAIN SCIENCE 
FACULTY POSITION 


The Center for Brain Science is seeking an Assistant Professor in the arc 
‘of animal behavioral genetics and neurobiology, boadly construed. We are 
particularly interested in candidates whose rescarch programs are deiven by 


‘an academic appointment in a participating department, suchas Psychology 
‘0 Molecular and Cellular Biology. 

The Center for Brain Science brings together scicotists involved in research 
‘onsystems neuroscicnce (sce hetpifebs fas har vard.edu).Quiraims include 
‘mapping neural circuits that underlie experimentally accessible behaviors in 
diverse species. ad elucidating the biological bases of individual differences 


inbchavioe CBS fosters interactions across disciplinary boundaries: faculty 
fiom several academic departments will be housed in common research 
space, and its connections reach out across the University 


Candidates should haye demonstrated a promise of excellence in both 
research and teaching. Teaching duties will include offerings at both under- 
‘graduate and graduate levels. Applications are due by December 10, 2007, 
Please send a cover leer, curricukim vitae, and 2 to4 page research plan, and 
arrange for submission of 3 eters of recommendation. Application maten- 
als can be submitted electronically by emailing ebs@fas.harvard.edu, or 
by sending mail te 
Joshua R. Sanes 
Center for Brain Science Search Committee 
Harvard University 
7 Divinity Ave. 
‘Cambridge, MA 02138, 
Applications from, or nominations of, women and minority 
candidates are encouraged. Harvard isan Affirmative Action 
Equal Opportunity Employer. 
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Imperial College 
London 


‘Division of Cel and Molecular Biology, 
Facully of Natural Sciences 


Research Associate x2 
‘Salary in he range of £24 570-35 600 per annum 
‘petal Cotogeisrarkedin he top ten untverstes of the wei, accortng the 2006 Times Higher Education Supplementieague tables. 


{Imperial College London invites applications forthe following vacancies inthe joint group of Prof. Fotis C. Kafatos and 
Dr George K. Christophides at imperial Cofege London. 


‘You willbe members of a lage research team working on innate immunity and functional genomics ofthe malaria vector 
‘Anopheles gambiae. You will work on a programme aiming to understand the mosquito innate immune system and ts interactions 
with Plasmodium parasites capitalizing on a variety of postgenomic tools. Required skils include standard molecular biology 
techniques with emiphasis on proteln biochemistry, including 2D-PAGE, mass spectrometry, purification of secreted protins and 
protein expression. Experience in cell cuture techniques is preferred, 


‘You wil also be skied molecular biologists wit a PhD In a relevant fell and a track record of publications, 
‘These postions are availabe immediately and funding is availabe fr up to 3 years. 
‘Ajob descripton and an application form can be obtained trom: wuwimperialac uwemployment 
For further deta please contact Rabeya Suitana, emai: rsitana imperil ack 


‘Completed application forms accompanied by a CV and the name and contact details of two referees should be sent to 
Rabeya Sultana, BioMalPar Administrator, Cell 8 Molecular Biology, Imperial College London, Sir Alexander Fleming Building, 
‘South Kensington Campus, London SW7 2A2, csutana@imperial ac uk 


Closing date: 30 September 2007. 
(Conference call interviews are possible for international candidates) 


Valuing diversity and committed to equality of opportunity 


Assistant Professor in Animal 
Infectious Dise: 


The Department Anal a Food Selene seta 9 
leruetack Asstt or Aeocate Press ta Seve an 
‘ual ies ves esearch ad acing poga he 
‘aul wan an iteatnady-cognied ta ong 
ah, genomes an od sale. The mar orion 
eso appointive wil alae to wsach, Te 
ess coiate wl be egected i vel 2 vgea5 
{compete research program an area tat eam 
rents anal ects Saeae epee ae Ura 
(rts Posie wes of eta nce mugs 
1, bicenobgy, material modeing and cmp tons 
Balog, Calibontion Is expcted wth scent wah Ie 
Departmen, the Avan Bocinces Cate, Ose 
SBotechnalgy nse or ater aypagte ace dea 
rents. A pain fhe pers apomtiment wl be alsa 
{a tchng acts coral wth the ind. Dak 
(oda the edo te Deparment. Te ea vi be 
Fesporaite forthe academic adsaret ard superar of 
Undeadte ad graduate stages sd expected to pa 
tain the Ura snatonah-copmaes nse ae 
shut een program Ouateston: PRO. of OVE. 
‘wth parectoaltaunng The nid mustbe alo come 
‘munese elective wah academe, government 3n3\n9ty 
alkagues an with stents, 


opeans stool stmt a ete of terest aiessing he 
‘maura quliicatonscurtcutun vise. sttenert of 
‘earchintstsand ecting pbs an themes and 
cesses of thee slerences. by eal (preeie) fo 


44 Towreard a, Unversty of Delaware, Hewat. Of 
9716-21500 yf 1 (3) 831-282. Appleaton deat 
tris Otter 9,207 


‘The UNIVERSITY OF DELAWARE i an Equal Opartsly 
player wbich encourages aplcatos fom Maoriy 
‘Group Members ant omer. 
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ECOLE POLYTECHNIQUE 
FEDERALE DE LAUSANNE 


The Brain Mind Institute of EPFL in ites applica- 
tons fora Tenure Track Assistant Professor pos 
ton in Cognitive Development. We are especially 
interested in candidates focusing on events taking 
place from the early postnatal period to puberty 
Adolescence, and on the role of nutrition. A range 
‘of research topics within these areas will be con- 
sidered (€. development of mental representa 
tons, executive function or cognitive control, de 
velopment of reasoning problem solving. social 
and emotional development. emergence of differ- 
ent cognitive functions, molecular mechanisms of 
‘memory). Candidates whose work bridges the cog- 
nitive level with underlying molecular and cellar 
‘mechanisms relies on multidisciplinary sppmoach- 
€¢s(such asa combination of molecular, behavioral 
and neuroimaging-based experimentation) and in- 
volves human subjects and/or animal models are 
particularly sought. Successful candiates will de- 
velop an independent and vigorous research pro- 
‘gram, will be committed to excellence in under- 
‘graduate/graduate teaching. and supervise PhD 
students. 


Startup resources and state-oFthe-art research 
infrastructure will be available, within the Frame 


Tenure Track A: 


stant Professor 
in Cognitive Development 
Nestlé Chair on 


“Nutrition and Brain Development” 


at Ecole Polytechnique 
Fédérale de Lausanne (EPFL) 


work of a campus that fosters very strong interse~ 
tions between life sciences, basic science, infor 
matics and engineering. Salaries and benefits are 
{internationally competitive. 


Applications should be submitted through the In 
{erncthpy//bmisearch-cogdev.epf.ch and shoul 
include the following documents in PDF format 
curriculum vitae, publication list, brief statement 
of research and teaching interests, names and ad- 
dresses (including e-mail) of 3 references. Dead- 
line fe applications: October 312007. 

Further questions can be addressed to: 

Professor Pierre J. Magistretti, Co-Director. 

Brain Mind Institute 

‘School of life sciences, EPFL. 
‘pleere-magistrettia epf.ch 

For additional information on EPFL, please con- 
sultInps/wwwepfck and biip/svepfl.ch/ 
‘The EPFL School of life sciences aims fora very 
strong presence of women amongst its ficult and 
qualified female candidates are strongly encour- 
aged to appl: 
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€3Tufts 


UNIVERSITY 
DEPARTMENT OF CHEMISTRY 


‘The Department of Chemistry is beginning a phase of significant expan- 
sion, Applications are invited for three tenure-track positions a the rank 
‘of assistant professor with research interests atthe interface of chemistry 
and biology. All areas of chemistry will be considered. The department 
has a particular interest in hiring atleast one candidate who has research 
plans at this interface with a strong synthetic organic chemistry compo- 
nent, Successful candidates will demonstrate the potential to develop an 
intemationally recognized research program and excel in teaching. The 
‘Chemistry Department at Tufts isa well-funded, thriving community of 
researchers with collaborations spanning across the university. Excellent 
resources are available for new investigators interested in building a 
program in the Life Sciences—one ofthe university's strengths. Teach- 
ing responsibilities will include graduate and undergraduate courses in 
chemistry and/or the biochemistry curriculum. Additional information 
about the department can be found at http://chem.tuftsedu, 


Send CV, a research plan and three letters of recommendation to: 
Faculty Search Committee 
Department of Chemistry 
‘Tufts University 
Medford, MA 02155 


Evaluation of candidates will begin October 15, 2007 and continue 
until the positions are filed 


Tits University ix an Affirmative Actlon/Equal Opportunity Employer. 
We are committed to increasing the diversity of our foculty 
Applications from women and members of underrepresented 
‘groups are strongly encouraged. 


IMMUNOLOGIST/MICROBIOLOGIST 


‘The American University of the Caribbean School 
of Medicine (AUC), an accredited institution with 
over 3,500 graduated physicians, seeks to appoint an 
Immunologist / Microbiologist. 

The university seks an individual with a strong reach- 
ing background in immunology and_microbiology. 
Se odd tae gD. tales 
Ph.D/M.D., with a positive commitment to teach- 
ing, good communications skills, and a strong comfort 
level with electronic based learning, 

The position is contained within the Department of 
Immunology and Microbiology. These disciplines are 
team taught over the course of a semester. Modern 
rescarch facilites, a comprehensive library, and state of 
the art clearing paradigms are available wo support 
the department. 

The position is to be fulfilled at che Basic Sciences 
campus on the island of St. Maarten 
lands Antilles, approximately 3 hours by 
Mami, AUC posescs an” exceptional faculty 
composed of both basic scientists and clinicians. 
Students complete their basic sciences training on the 
islind, and then go on to complete clinical clerkships 
inthe US., U.K-or Ireland. 

Interested parties should send a brief statement of 
teaching philosophy, their CV, and contact informa- 
tion {oF three professional references to Kathi Shupe, 


Ph.D., at kshupe@aucmed.edu, 


American University of the Caribbean 
School of Medicine 


www.aucmed.edu 


Hutchison China AREER 
OPPORTUNITIES 

The China operations group of |G in SHANGHA 

Hchion Wamp att) RMR 


Hutchison Whampoa Limited (HWL) is 9 Hong Kong 
based multinational conglomerate with over 150,000 employees 
worldwide. Hutchison MediPharma Limited is its subsidiary 
division focused on innovative drug development for the global 
markots, Currertly, the Company has the following opening for 
fesearch management position in its R&D Center located in 
Shanghai, Chin 


Blomarker R&D, DirectoriAssociate Director 


This position is responsible for the quantitative analysis of 
biomarkers for our leading new drug candidates including 
development, characterization, & assay for biomarkers for 
informed decision making in our new drug pipeline development 
for cancers and autoimmune diseases. The qualified candidate 
should have a Doctorate degree with minimal 5 years of 
industrial drug discovery experience in a relevant field. A good 
understanding of cancer and autoimmune diseases biology is 
essential. Experience in development, characterization, and 
implementation of quantitative bio-analytical assays and excellent 
Communication and leadership skils are required. 


It you share our goal to become one of the global leaders in 
new drug discovery and development, and a leader in the ever- 
growing healthcare industry in China, we encourage you to 
apply. Please submit a cover letter, your CV, and your expected 
compensation package by e-mail to hr@ihmpiglobal.com or fax 
us at 011-86-21-50793595. 


‘Our website: www-hmpigiobal.com 


School of Medicine 
& Health Sciences 


Associate Dean for Research 


Applications are invited for an accomplished senior investigator to fill 
the position of Associate Dean for Research with an appointment as Pro- 
fessor ina suitable research-focused academic department. The School 
‘of Medicine and Health Sciences at the University of North Dakota has 
‘excellent space, state-of-the-art equipment, and a young and ambitious 
faculty who receive over $20M per year in extramural support for their 
‘esearch activities. The successful candidate will be expected to maintain 
‘an active extranurally-funded research program, participate in graduate 
and medical education, and provide ereative leadership and guidance to 
develop, promote, and sustain an increased culture of research excellence 
‘and productivity within the School of Medicine and Health Sciences. 

bbe reviewed as received and the position will remain 


Applications 
‘open until filled. 


Please send current curriculum vitae, contactinformation fora least three 
individuals willing to serve asreferences, and descriptions of administra- 
tive, research, teaching and service activities o Dr. Jonathan D. Geiger, 
‘Chair of Search Committee and Professor and Chair, Department of 
Pharmacology, Physiology and Therapeutics, Box 9037, University 
‘of North Dakota, School of Medicine and Health Sciences, Grand 
Forks, ND $8203 (Ph. 701-777-2183, Fax 701-777-4490, jgeigeram 
edicine.nodak.edu). The University of North Dakota, with about 13,000 
Tocated in Grand Forks, ND, a family-oriented community 


The University of North Dakota is an Equal Opportunity/Affirmative 
Action Employer and inites applications from all qualified individuals. 


rwemed.und.nodak.edu 


Department of Health and Human Services 
National Institutes of Health 
Office of the Director 
Office of Biotechnology Activities 
Office of Science Policy 


INTERESTED IN APPLYING YOUR SCIENTIFIC OR CLINICAL EXPERIENCE 
‘TO ENHANCING FEDERAL POLICIES GOVERNING CLINICAL RESEARCH? 


JOIN A FEDERAL INITIATIVE TO COORDINATE AND STREAMLINE CLINICAL RESEARCH POLICIES 


‘The National Institutes of Health (NIH) Clinical Research Policy Analysis and Coordination (CRpac) program is recruiting exceptional candidates 
for several analytical and management positions. The CRpac program is located within the Office of Biotechnology Activities of the Office of Science 
Policy within the Office of the Director, NIH. The CRpac program staffs responsible for identifying and pursuing opportunities for harmonization, sream- 
lining, and coordination of Federal clinical research policies and will ensure focused atention on NIM efforts inthis regard. Among other initiatives, the CRpac 


program is exploring and developing strategic approaches to) harmonizing adverse event reporting requirements, 2) clarifying agency views on the 
acceptability of IRB models for various types of clinical research activities, 3) coordinating the development of DSMB policies and clarifying thir roles 


and responsitilites, and4) developing guidance on informed consent processes for those considering participation in clinical research, See our website at 
http:/eepac.od.nik.gav for more information about the CRpac program. 

Incumbent must have an expert knowledge ofthe HIPPA Privacy Rule, particularly as it applies to research, as well as any related HHS regulations, 
polices, and procedures. Incumbent must also have expert knowledge ofthe range of administrative laws, polices, regulations, and precedents applicable 
to the protection of human subjects and privacy and confidentiality in research 

Incumbent must hve an expert knowledge and undemtanding ofthe mission, goals, and cbjctives of CRpuc/OBA as well as its relationship with other 
research programs throughout NIH, the federal government, andthe nation. A broad knowledge ofthe Departments programs, regulations and practices, 
the missions of agencies within the Department, and Congressional and Executive Branch initiatives with regard to the conduct of research is imperative 
Finally, incumbent must have a knowledge and understanding of current state-of the-art in clinical research, including past and current legislation, 
Knowledge ofthe complexity of biomedical research, a broad understanding of scientific pinciples of science and technology areas na ality with 
the structure and interelationship of scientific research programs 


Salary is commensurate with experionce and includes a full benefits package. A detailed vacancy announcement with the mandatory qualifications and 


application procedures can be obtained in USAJOBS at www.usaj (announcement number OD-07-200861-DE) and the NIH web site at 
sig owen 


hittp:/jobs.nib.gov. Applications must be received by mi 


‘on the application procedures maybe addressed to Felicia Royster on 301-496-3531. 


id time on closing date indicated in order to be considered, Questions 


DHHS and NIH are Equal Opportunity Employers 


Endowed Professorship for 
Dementia Research 


The Department of Neurology and the Neu- 
rosclence Center at the University of North 
Carolina School of Medicine are seeking 
candidates with an interest in degenerative 
rncurological diseases that produce cognitive 
‘impairment for appointment to full professor 
‘on the tenure tack. The qualified eandidate will 
havean M.D. orM.D/Ph.D. and an established 
ecord of excellence in research as reflected by 
peer-reviewed publications and independent 
extemal finding. He'she will be expected 19 
jeonduet a laboratory-based research program 
investigating mechanisms of cellular death 
and dysfunction in neurodegenerative diseases 
Using state-of-the-art cellular and molecular 
{echniques. The postion includes an endowed 
professorshipof $1 million, amplemodern labo- 
ratory space in the UNC Neuroscience Center 
and a generous startup package. The UNC 
Neuroscience Center maintains outstanding 
Core Facilities that support confocal and multi 
photon imaging, vetor constriction and ES-cell, 
electroporation for generation of mouse genetic 
models, and Affymetrix GeneChip technology 
for expression profiling and SNP analysis. 


Interested candidates should contact: William 
Houston Merritt Professor 
Department of Neurology, 3114 
Bioinformaties Building CB 7025, Univer 
sity of North Carolina School of Medicine, 
Chapel Hill, N (919) 966-8178; 


EOE 


COLE POLYTECHNIQUE 
FEDERALE DE LAUSANNE 


The Brain Mind Institute of EPFL is searching 
foe a tenure track Assistant Professor in Tntero- 
ception and Visceral Physiology. Approaches of 
particular interest include, but are ot limited to, 
perceptual, cognitive, and affective neuro- 
science in humans (oe animals) for studying the 
‘gui-brain axis and the impact of nutrition. Expe- 
rience in how interoception and visceral physi- 
ology relates to mood and emotions will be ben- 
ficial. Applications from candidates wit 
strong quantitative skills in gastroenterology, 
physiology and/or neuroimaging are particular. 
ly welcome as is an active interest in the beha- 
Vioural and neurophysiological effects of nutri- 
cents. Successful candidates will develop an 
independent and vigorous research program, 
will be committed to excellence in undergradu- 
ate/graduate teaching, and supervise PhD stu- 
dents 


Start-up resources and state-of-the-art research 
infrastructure will be available, within the 
framework of a campus that fosters very strong 
interactions berween life sciences, basic sciene- 


Track Assistant Professor in 


) Tenure 
Interoception and Visceral Physiology 


Nestlé Chair on “Gut-brain interactions’ 


at Ecole Polytechnique 
Fédérale de Lausanne (EPFL) 


8, informatics and engineering. Salaries and 
benefits are internationally competitive, 


Applications should be submitted through the 
Ttermet Intp//bmisearch-interocepLepflch and 
should inelude the following documents in PDF 
format: curriculum vitae, publication list, brief 
statement of research and teaching interests, 
‘names and addresses (including e-mail) of 3 ref- 
erences. Deadline for applications: October 31" 
2007. 


Further questions can be addressed to 
Professor Pierre J. Magistreti, Co-Director 
Brain Mind fastitote 

School of life sciences, EPFL. 
‘pierresmagistrettinepfl.ch 

For additional information on EPFL, please con- 
sul bigu/www.epflh and hup:/.<pfleh 
‘The EPFL School ofife sciences aims fora very 
strong presence of women amongst is faculty, 
and qualified female candidates ae stonglyen- 
couraged to apply. 
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PHYSIOLOGY UCLA 
Assistant Professor 


The Department of Physiology at the David Geffen School of Medi- 
cine at UCLA invites applications for a tenure track Faculty position, 
preferably atthe level of Assistant Professor. 


We are especially interested in candidates using molecular physiological 
approaches such as functional genomics, proteomics, molecular imaging, 
or systems biology. Areas of departmental strength include molecular 
biophysies, neuroscience, and cardiovascular research, and candidates 
in these disciplines are encouraged to apply. However, we will consider 
applicants in all areas of modern physiology. Areas in which we might 
hhope to expand include renal and respiratory physiology. Candidates 
are expected to have a strong background in cellular and molecular 
biology and demonstrated interest in addressing fundamental physi- 


The successful candidate will be expected to develop an independent 
research program and participate in the teaching mission of the Depart- 


Interested applicants should email their curiculum vitae, a letter with a 
statement of research interests and career goals, and the names of three 


roferences to Ms. Debru Moorehead at PhysiologySearch/amednet. 
elceda Applicant toed sho stange ts Gane ies of alee 


1 be sent fo Ms. Moorehead atthe same email address. 


UCLA is an Affrmanive Action/Equal Opportunity Employer 
Women and minorities are encouraged to app 


ASSISTANT/ASSOCIATE PROFESSOR 
OF BIOCHEMISTRY 


The Department of Biochemistry, University of Missouri-Columbia, 
invites applications for a tenure-track Assistant or Associate Professor 
postion irom sciemtiss applying biochemical and molecular approaches 
to the study of fundamental biological processes related to health and 
disease. Weare particularly intrested in individuals that would comple- 
‘ment existing research strengths in neurodegenerative diseases, inflam- 
‘mation, radiopharmaceuticals, molecular nutrition, diabetes/cardiovas- 
cular disease, and cancer. The University is noted for interdiseiplinary 
research programs including a multidisciplinary Life Sciences Center, 
4 NIH-supported Imaging Center that complements a productive insti- 
tutional nuclear reactor and a new International Institute for Nano and 
‘Molecular Medicine. Position qualifications include a Ph.D. and/or M.D. 
inbiochemistry ora related field and postdoctoral experience. Successful 
applicant will develop of continue an outstanding research program and 
contribute to Departmental teaching activities. 


Submit a curriculum vitae and descriptions of current and planned 
research activities, and have three letters of reference sent to: 
(Chair Biochemistry Search Committee 
Department of Biochemistry 
17 Schweitzer Hall 
University of Missouri-Columbia 
‘Columbia, MO 68211 


Electronic submission to blochemseareh/a missourl.edu is encouraged, 
Review of applications will begin October 31, 2007. 


MU is an EEO/AA/ADA Employer, and encourages applications from 
samen and minorities. For ADA accommodations, please contact our 
ADA Coordinator at (573) 884-7278 (VATTY) 


B® ASSISTANT/ASSOCIATE 
PROFESSOR ~ MOLECULAR 
BIOTECHNOLOGY 


‘The Department of Clinical Laboratory Sciencesat the KU Medical Center 
lites applications fora fulltime tenure-track 12 month appointment 
{rank commensurate with experience). Candidates must have a PhD. (or 
‘equivalent degree) ina molecular le scence, postdoctoral experience, 
demonstrated excellence In research, and be committed to quality 
itaduate education, 


‘The successful aplicant will have the opportunity to collaborate with 
faculty in the many interdlcplinary programe at KU Medical Center 
{wow hum edu), and willbe expected to maintain an externally-tunded 
‘esearch program that utilizes molecula bilogical/biotechnology 
approaches. The area of research specialty is open, but individuals 
with interests relevant to human health and/or disease states are 
‘encouraged to apply. Teaching responsibilities will indude gradute 
courses in molecular biology/blotechnology, and academic teaching 
‘experiences prefered. 


Information about the CLS Department and its programs is available at 
wwuru.ds kumedu and www biotech kame. 


TO APPLY 


Visit position 10030505 at hitp://jobskumc.edu to apply and 
to view the complete postion description. Besides completing 
the omline application, please send a statement of research 
interests, statement of ‘teaching interests and philosophy, up to 
three reprints and three letters of reference to De. Ere Gzinghorst, 
Mall Stop 4088, 3901 Rainbow Bhd, Kansas City, KS 66160. 
Review of applications begins 

November 26, 2007, and will 
continue until the postion 
filled. KU isan EO/AA Employer. 


“THE UNIVERSITY OF 


KANSAS 


Department of Physiology 
Tenure Track Faculty Positions 


of Physiology at The University of Texas 

Health Science Center at San Antonio (UTHSCSA)is continu: 

{ng its major expansion. This year we seck to hie Wo tenure 

track faculty to begin by August 2008, The intention i to hire 
Assistant Professors, but exceptional candidates at more senior levels will be 
‘considered. At present, the Department of Physiology has chisters of esearch 
strcagth in ncuroscicoce, candiovascular function, ion channel biophysics, 
‘and the molecular biology of aging. Akhough candidates that can extend of 
bridge these arcas arc encouraged to app, we are most interested in talented 
‘nvestiyators using cutting edge technjues and/or model systems to elucidate 
fundamental physiological mochanisms atthe roku, cellular or integrative 
levels Candidates will be expected to contribute to the teaching mission that 
fnchades taining medica, don, and graduate students 


UTHSCSA isa Ter | Rese 
‘conttuc to grow both the University asa whole and the Deparinc 

‘ology i particular. Competitive start-up packages and ample resources will 
be alfred to those selected tobe apart of this exciting endcavor. UTHSCSA 
i located in the Northwest section of San Antonio and sits as a gateway 10 
the picturesque Texas Hill Country. San Antonio isa vibrant, dymamic, and 
multicultural city with much to offer including an atractive cost-of-living, 


‘Candidates should submit a Curriculum Vitae as well as a description of 
research accomplishmentsgoals (not to execed two pages) asa single PDF 


David S. Weiss, Ph.D., Professor and Chair 
Department of Physiology 
E-Mail: PhysioSearcWa uthsesa.edu 
Website: www phy siology.uthsesa.eda 
Also, arrange for thrce letters of recommendation w be Forwarded the above 
-mal address. Candidates who wish to be considered fr this postion should 
‘ensure that thei applications are compete by November 30, 2007. 
All foculty appoimiments are designated as security sensitive pasitions 
The University of Texas Health Science Center at San Antonio is an Equal 
Employment Opportunity/Affrmative Action Employer 


Department of Health and Human Services 
National Institutes of Health Sasi 
Office of the Director 
Office of Biotechnology Activities Pipes 
Office of Science Policy 
‘TERESTED IN THE NATIONAL SECURITY IMPLICATIONS OF LIFE SCIENCE RESEARCH? 
JOIN A FEDERAL INITIATIVE TO ADDRESS RESEARCH WITH "DUAL USE" POTENTIAL 


‘The National Institutes of Health (NIH) Office of Biotechnology Activities (OBA) is seeking exceptional candidates for several analytical and management 
positions within a program at the biosecurity implications of life sciences research. OBA is located within the Office of Science Policy, a component of 
the Office ofthe Director, National Institutes of Health (NIH), OBA is the focal point within the U.S. Department of Heakh and Human Services (DHHS) for 
addressing the scientitic, clinical, safety, ethical, kgal, and societal impacts of pioncering biologic esearch programs. This includes policy issues in recombinant 
DNA and gene transfer research, clinical research, genetics, biosafety. and dual use life sciences research. In this context, dual use research is life sciences research 
‘with legitimate scientific purpose that may also be misused to pose a biologic threat to public heath and or national security. 
‘OBA activites regarding dual use research include: (I) providing executive, analytic, and administrative support to the National Science Advisory Board for 
Biosecurity (NSABB), a federal advisory committee providing policy recommendations in this arena; (2) coordinating the development of dual use 
‘esearch policies within DIIHS and across the US government; (3 soliciting broad-based input from govemment, industry, academic institutions, and the public 
ablamge regarding developing polices for the oversight of dual use researc; (4) identifying unresolved and emerging issues raised by the conduct and oversight of 
‘dual use research and recommending appropriate strategies to address these issues; (5) advising the Director, NIV; the Secretary, DHHS; and the heads of ether 
federal departments and agencies that support or conduct life sciences research on dual use research policies (6) representing the NIH andor DHHS and/or US 
government in dual use researc related activities; and (7) fostering awareness ofthe dual use issue and the development of sound polices atthe international vel 
Additonal information on the NSABIB and the dual use research program can be found at ttp:/hwww.biosecurityboard.gow. 
The incumbent of this position serves unde the direction of the Executive Director to the NSABB. As such, the incumbent provides scientific administrative 
‘support to the NSABB in filing its role of advising the HHS Secretary and the NIH Director on specitic strategies forthe efficent and effective oversight of 
‘duakse biological research, taking ito consideration both national secunity concems and the needs of the research community. The incumbent provides expertise 
inone oF more of the following areas of specialization: molecular biology, virology, health science, biosafety, and/or clinical medicine. 
Researches, reviews, and analyzes data and collaborates with the Executive Director in developing criteria for identifying dual-use research and rescarch results, 
Provides policy expertise tothe Exeeutive Director, NSABB, in advising the Secretary and NIH Director on the development andor revision of national policies 
reganding the conduct of dual-use biological esearch. This includes, but is not limited to, strategies for addressing national security concerns as well as for 
fostering continued rapid progress in public health research (c.g. new diagnostics, weatments, vaccines, and other prophylactic measures, and detection methods) 
Salary is commensurate with experience and includes a full benefits package. A detailed vacancy announcement with the mandatory qualifications and application 
‘rocedutes can be obtained in USAJOBS at wwwaisajobsgoy (announcement number OD-07-20263S-DE) and the NIH web site at btup://jobs.nih pov. 
Applications must be received by midnight caster standard time on closing date indicated in order to be considered. Questions on the application procedures 
maybe addressed to Felicia Royster on 301-496-3501. 

DHHS and NIH are Equal Opportunity Employers 


INTEGRATIVE ANIMAL BEHAVIOR 
Vassar College 


The Depactinent of Biology at Vassar College 
invites applications for a tenure-track faculty 
of at the level of assistant professor 

Fall 2008. Vassar College is an 

‘qual opportunity/affirmative action employer 
and is strongly andactively commited to diver- 
sity within its community. We seek a beoadly 
trained integrative biologist whose research 
and teaching interests may include but need 
‘0 be Fimited to animal behavioe, behavioral 
eneties, behavioral ecology, evolution, neuro- 
physiology. sensory biology. or computational 
biology. The ideal candidate will demonstrate 
the ability to span several levels of biological 
‘organization in their teaching and esearch. The 
successful candidate willbeexpected to develop 
an upper-level course in hisher specialty aswell 
fas teach at the intermediate and introductory 
levels. There is an opportunity to teach in the 
interdepartmental program of Neuroscience 
‘and Behavior. Development of a productive 
research program with student participation 
will be expected and start-up funding and 
personal laboratory space will be provided. 
APA». is required and postdoctoral experi 
fence is preferred. Applicants should submit 
4 curriculum vitae, representative reprints, a 
statement of research interests and goals, a 
statement of teaching interests and philosophy, 
and three leters of reference. To apply please 
Visit https:/employment.vassaredw, Refer 
ces should send reference letters directly 10 
behaviorhiologyia vassaredu, Website: hitp:// 


biology.vassar.edu/. Consideration of applica 
‘ions will begin on 1S October 2007 


Department of Health and Human Services 
National Institutes of Health 
Office of the Director 
Office of Biotechnology Activities 
Office of Science Policy 


INTERESTED IN THE SCIENTIFIC, SAFETY, AND ETHICAL 
IMPLICATIONS OF CUTTING EDGE CLINICAL RESEARCH? 


JOIN A TEAM ADVANCING SCIENTIFIC UNDERSTANDING 
ABOUT HUMAN GENE TRANSFER RESEARCH 


‘The National lnstians of Heath (NIH) Office of Biotechnology Activites (OBA) is seeking pplcations 
from exceptional candidates forthe postion of Medical Officer. OBA is located within the Oflice of 
Science Policy. which isa component ofthe Office of the Directo, NIH in Bethewa, Maryland. OBA is 
the focal point within the U-S. Department of Health and Human Services (DIS) fr addressing 
the scientific, clinical, safety, ethical, legal, and societal impacts of pioneering biologic research pro- 
grams. This inclades policy issues in recombinant DNA and gene transfer rescarch clinical research, 
srnetics, bist. and biosecurity and dual we lif sciences research. 
As past of addressing these policy isswes NIH OBA curently provides analytical, administrative, and 
executive seertaiat functions fr the NII] Recombinant DNA Advisory Committee (RAC), which 
recommends policies and biosafety guidelines conceming basic and clinical research involving 
‘recombinant DNA and focuses particular afention on human gene transfer research 
As a member ofthe team supporting the activites ofthe RAC, the incumbent in this poston provides 
exper clinical advice and analysis, esecally with regard w clinical tials that involve the transfer of 
recombinant DNA to humans. Resporsibitics include analyzing practices and policies applicable the 
conduct of recombinant DNA and gene transfer clinical research activites, conducting in-depth analyses 
of awide range of recommendations developed by national advisory commitice and identifying human 
gene transfer experiments deserving of public discussion by the RAC. 
(Candiates are required to have Doctor of Medicine or Doctor of Ostopathy froma schoo inthe United 
States oe Canada appeoved by a rezognized accrediting bods. Salary is commensurate with experience 
andincludes fll efits package. Adctailed vacancy announcement wi the mandatory qualifications 
and application procedures can be obtained in USAJOBS at www.usajobs.gov (announcement 
‘number OD-07-184675-DE) and the NIH web sitc at htp:/jobsnih.gov. Applications must be 
received by midnight caster standard time on closing date indicated in order to be considered. 
‘Questions on the application procedures maybe addressed o Felicia Royster on 301-496-3531. 

DHHS and NIH are Equal Opportunity Employers 
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POSITIONS OPEN 


DEPARTMENT HEAD and PROFESSOR 
Department of Pant Scenccs 
‘Te University of Arizona 
‘Tucson, Arizona 

‘The College of Agriculture and Life Sciences in 
vite applications and nominations for dhe postion 
Of Head of the Department of Plant Science snd 
Profesor. The Departnent of Pin Sciences, nat 
Ais wo serving the agar dnry of the sate 
of Ariana, har extcve collaborate interactions 
wah facuty in the Wologal adences actos the 
Unrate Berman coat of 0 cay 
Sind at several ofcampus experimental tations To 
ited elsenbere in the wate The Departsent ao 
itome to the Univenity of Arizona (UA) Campos 
Herbarianhe lange hear i the soe 
Strong imovatie, nerncipinary aderip fn 
dcalenl emroninent being sought to ead the 
Deparment in the ares of extension, research, ad 

hing The cane shuld have exablabed sched 
{ny erential ina area that could be comared 4 
part of comtemporary itescpieny Geprtment 
Ef plane slencen mnling agony, Bloch 
botany, consoled cavemen apscunure, pret 
genomicy, boniclture, molecular and cellar bo 

plant mero inact, pnt net ners 
‘ton, planeplysokoy or develapnee. The sucectid 
cde enturageo ant seen 

"AD. freqiel, preferably in one ofthe above 
fells or area of ud Strong eidence of manage 
‘lanl endroip abies, the capacity o acute 
{vin forthe Deparment, and sfong apprec 
ton foe dive and forthe ln rant misao are 
“pplcns dal ub anole aplasia by 
Noveiner 1, 2007, atl attach 3 crent cure 
ite, the tame," addrenes (induding ems, 
Telephone mimbers of eferners and eateent 
ulin and gu Jo mae 39 
the UA tama Resources oe webalte: hetp77 
‘iw brarizona cd. 
S"phis appointee wil be available 1 July 2008 

The Unrty of hiss an Eta Eapoynt 
Oppmtenty/fbnaton Acton Employ. Wonen ant 
sloai ae opty ews © apy 


ASSISTANT/ASSOCIATE /FULL PROFESSOR 
(Quantitative Ecologist/Temure-Track) 
‘Department of Biological Sciences 

The Department of Biolog Seienaes at Louisiana 
State University inites applications for an Asistant/ 
‘Asoxiate/Full Profesor (quantitative ecology tenure: 
track) penton. Requited qualifications Ph.D. or equ 
alent in a iological science or related fied teaching 
bits tha ak augment ne detest inane 
the quantitative skills (eg, quantitative theory, mo 
lng, caperinental design stabs) of our grate 
ndunsera diate studenis. Additional qualtications 
Ulsired: postlodord experience, Responsibilities: de 
elops "wrong, competsivey, inded rescarch peo 
{gram in ecology, at any level of balogical organization 
(ea, population, community, ecosmem). For add 
tional informatica vit our department website: 
hhup://www.bidlogy.isu-edu. We encourage pica 
Cenc er cicetis Aner ceety 
fmcnt is contingent on 3 sister Pe 
background check. Application deadline is November 
1, 2007, or until a candidate iy selected Send cue 
laulu Vitae (including e-mail addres), statements of 
research and teaching interes, thre letters of recon 
‘mendation, and no more than three representatine 
publication to: 


tai of Quantitative Esologist Search 
‘Department of Biological Sciences 
202 Life Sciences Building, 
Louisiana State University 
Reference #025301 
Baton Rouge, LA 70803 
LSU i an qu Opportity ud Access Employer. 
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INSTITUT PASTEUR 


EN 


POSTDOCTORAL FELLOWSHIPS 
Institut Pasteur, Paris, France 

Founded in 1887 by Louis Pasteur and lo 
cated in the heart of Pars, the Institut Pasteur 
ib 2 world-renowned private research orgs 
‘ization. The Pasteur Foundation of New York 
is secking oustanding fellowship applicant. 
(Candidates may appl to any Laboratory within 
10 Departments: Cal Binlogy and Infeaion, De 
\elopmental Biclogy, Genomes and Genetics, 
Tnmumelogy, Iniicicn and Epidemictogy, Ml 
sobiology, Neuroscience, Parastology and My 
‘logy, Seructunl Biology and Chemistry, and 
Virology. See website for detals. Annual pack 
age i $70,000 for thee years. This isa biannual 
fall for applicants; see welnite for deallines. 
US. citsonbip wed 

E-maik: pasteurus@aol.com, Website: 


hetp:/ /www pasteus tion. org 


CHEMICAL ENGINEER 
Focusing on Environmental Isscs 

The Center for Enviconmental Sciences and 
Engineering and the Chemical Engoncering Program 
‘of the Department of Chemical, Materials, and Bio 
molecular Engineering at the Univenity’ of Con: 
necticut invite applications for tenure track positions 
in chemical engineering, with a focus on eovironmee 
tal roearch, expecially’ in the areas of air and water 
pollution, bioenergy, or green engineering. Qualified 
‘analdates will be considered at the rark of ASSIST 
ANT or ASSOCIATE PROFESSOR. The success 
fal candidate will have a Ph.D. in chemical engineering. 
‘or 3 closely related fBeld, and is expected to estab 
lish and maintain vigorous independent research 
programs in environmental sciences andl engineer 
Ing, collaborate in ultidiseiplinary environmental 
tiatives, and teach at the undergraduate 

levels in the Chemical Engineering. 
Salary and rank will be commensurate with 


‘Cann oud bo cuca vise, a dacip 
con of reach un cfs than Be pages, ae 
fips wehing cnet sd rage rs kas 
(Peconertaice te be en er Cer Sr Ba 
teemental Sc ai Enpinccng hemi 
tol occbiiar Epos, Unive of Com 
tectzu, 191 Antrim Koa, Sey C20. 
Sain. Reve of mlcaces wil gare Oomter 1, 
307, snd conn wn the pensions re Sl 

be ive of Contest, cur dares 
eral boda scontnimen fo beings cbr 
Greve cmnehy We mags ents ete 
sed pas tay ta oes od pf bal 
Fodor 


POSTDOCTORAL POSITION. A Posdoc 
toral position funded by the National Institutes of 
Hleath is nailale, to study the roles of insulin, nitsc 
‘oxide, and protein tyresine phosphatases in regula 

tion of vascular smooth muscle cell signaling and 
eointima formation in vascular inyary. Our projects 
Address important basic science questions and ako 
inave relevance to dinical problems. Experience in mo- 
Ieeulz biology and a good command of the English 
language are essential. Competitive salary is offered, 

Meae sera! curnculum vitae and the names of three 


edu; fax: 901-448-7126, The Uinewnity 
Tea Equal Employment Opportunity Afirmative Action 
Tile WI Tile IX/Setion 304/ADA/ADEA Insitaton 
ithe prcsion of is eluate and employment params and 


POSITIONS OPEN 


BUCKNELL 
Biology 

The Bilogy Deparment a Buchel Uninet in 
as aplitli tortwe enc tors reereoc 
ASSISFANT PROFESSOR ston to en, A 
2008 

he mensions wl nels rio 
couse Er mayier ov ooo ad peesicrs 
toons fo wet we of mpeiy, The socal 
Eoaltic hameciel missile comer jog 
thar icc Else dengradunes and strat 
Sanonl fowting FD. or altbut deacesion, 
dees of reutany citations, wd a song re 
Sack wand av ered, Ponce epetons 
Tesora 

Weare seckng a badly ined ORGANISMAL, 
ECOLOGICAL, or EVOLUTIONARY BIOL 
Gist, We copelaly weone applonts who 
canine we terinrsbonsiony progensct mare 
Sect sctnal Ccervens or ection so, 
fan a boar tone wal be coetoort 

We arc alo secking a woadly tained CELL or 
MOLECULAR BIOLOGIST. Applcatons fom 
Cavin wah corre ay cl or cles 

egy aespane yc eoekersd ear Of perce 
oor th weal complement coteg sagt 
ie Deter ar ecoebalogy, meanclgy 
Sed eornlosion 

aril Utrera premier Uber ana 
vers wins loupetecing buanon of crc 
the clone Scttey ancl and Ica Aading for 
Toca mg aval. nsicndond spore fot ac 
thy rocarh ines shared fates rt cl 
tare, confocal and scarsing dectron racrocopy 
Facthy members ypaly toch one courses 
Uti oi arch ema 

a api plo reer vo eset bai/ fore, 
beckatltilypote Review of appteaeareat 
‘Begin on October TS, 2007. The search will remain 
Opes eel te pout fled 

Teta! isos 6 dive alge conga nd 
canned eat dey soy 
tad naoes dn tial Cotes Afimaie Arete 
flpes Dlr Unventyeply enes epios 
Sen ect aad iy 


ASSISTANT of ASSOCIATE PROFESSOR 
(Toxicology) 

Department of Pharmaceutical Sciences 
University of Maryland School of Pharmacy 
‘The Department of Pharmaceutical Sciences is 

secking outstanding BIOMEDICAL SCLENTIS! 
for a tenure track or tenured position at the level 
Assistant or Associate Professorship with an antici 
red start date of summer 2008, The candidate will 
ve current research expertise in the broad area of 
toxicology and pharmacology with a strong record 
Of recent accomplishments a a postdoctoral fellow 
for sustained productivity as an established ficulty 
‘member. Preference will be given to there with the 
potential Or interactions with current research pro 
fans in the Department of Pharmaceutical Sc 
‘ences. Expertise in translational research is paticulaly 
welcome: Successful applicants are expected 10 es 
tablish an extramural’ funded research program oF 
tw have an established peogram in place 
Applicants should hive 4 Ph.D. or equivalent ter: 
‘minal degree in toxicology, pharmacology, or related 
ficld, as participation in the teaching of both Pharm.D. 
and Ph.D. students is required, Interested individu 
als should submit a letter of intent, curriculum vite, 
Statement of research and teaching philosophy, and 
aden of thee eferencs 10 Dr. H, Wang, Chale 
foxicology Search Committee, at email: hwang 
fxumaryland.edu or mail wo: Department of 
Febrratisdal Sdn, Ustrenity of Maryland 
‘School of Pharmacy, 20 Penn Strect, Baltimore, 
MD 21201-1180. ‘For additional information, 


fesse vist cur webwite: http://www phan: 
‘umaryland.edu. Review of 37 ‘wil Bett 
‘a Decetsber 2, 2007, aml wil continue unl the 


Position is filled” The Unierty of Muryl 
{native Azion/Equal Opporumity/ADA Employer Minor. 
tis aid women ae cncoeged 18 app. 


aww. sciencecareers.org 


Nanobiotechnology 
Tenure-Track Faculty Position 
The University of Maryland Biotcchoology lastitute 
(UMBI) and University of Maryland College Park 
(UMCP) invite applications fora enare track posi 
tion u the evel oF Assistant Professor. UM and UMCP have ints new 
‘ul-disciplinary program tat combines Bioscienccs and Engrg Fac ly 
{Eom the Centr for Biosystems Rescarch (CBR: hlp:/www mbmd.edal 
CBR) and the Fischell Department of Bioengineering (UMCP-BioE tip 
“Taw. bioeamd.ed/) to row crncrins topes innanobotcchnology. Ths 
positon will bea joint appointment between UMBI-CHR and UMICP-Biok 
tnd wil be located at College Park. The suecssfl applicant wil enc fora 
‘existing strengths in nanobjotechnology and pathobiology at UMBI-CBR, 
and cellular and tissue enginccring, biomaterials BioMEMS, syethetc bio 
‘oy, biomechanics and drug delivery at UMCP-BioE. 
The successful applicant wil have demonstrated exceptional accomplish- 
rents and promise im research and teaching area that iisgrats biology 
anoscals enginscring. Examples inclu but are nt inte 0: thous oF 
components. ystems for harvesting solar or choral ery the 
application of molecular motors for signaling and tansducton; the syathests 
an characterization of sciF-asscmbling biological structures for nove! fusc- 
tions the interfacing of biological molecules r assemblies devices and the 
development ofiybrd nano-bo structures for maging and dmg dsivery. The 
group wathin 
ting ofan ateniseypinary rvcarch institute lat the Wasbington 
D.C aliore metropolitan aca. Fo il consideration subeat abc descr 
tion of yourrescarch,curculin vita and summary of ture rescarch pana 
in pl foemat and amange fr thee leters of recommendation tobe mo 
Faculty Search Committee ~ Position # 300893 
brie umbi.umdeda 
Review of applications will begin November 16, 2007 and continue 
until the position is filled. For additional information please sce (http: 
‘How. umd.edu/iadexphp/ebr}ab-oppor tunities) 
UML i commited to Afrmative Action and Equal Opportinay Employment 
‘At roguirod bythe 1986 Immigration At. appcants should he prepared to 
present acccpable documentation showing their identities their US. tien: 
‘ship or an status, and their aubhoration 1 workin the Unde Sates 


Neuroscientist 
University of Wyoming 


The Department of Zoology and Physiology and the Graduate Neu- 
roseience Program at the University of Wyoming invites applica- 
tions for a full-time, nine-month, tenure-track Assistant Professor 

FACULTY POSITION, starting August 2008. Area of research 
is open but applicants who complement existing strengths in the 
Neuroscience Program, which include sensory neurophysiology, 
neuronal plasticity, neuroendocrinology, and neuropharmacology are 
especially encouraged to apply. The successful candidate must havea 
PHD or equivalent, post-doctoral experience and evidence of research 
productivity. Teaching responsibilities will include a graduate level 
functional neuroanatomy course, S/he will be expected to develop an 
externally funded research program and participate in the Graduate 
Neuroscience Program and the NIH funded Neuroscience Center 
of Biomedical Research Excellence. The successful applicant will 
have access fo outstanding Micrascopy and Macromolecular Analytic 
Facilities, A competitive start-up package is available. 
Interested applicants should send a curriculum vitae, a statement of 
research and teaching experience, three publications, and three letters 
of recommendation to: 

‘Neuroscience Search Committee 
Dept 3166 
1000 E University Avenue 
Laramie, WY 82071 
Fax: 307-766-5625 
9: o.edu/NewroScience and 
‘http: /uwyo.edu/Zoology: 
Email: zprequest@uwyo.edu 
Review of applications will begin in December 2007. 
The University is a Carnegie Foundation Research/Doctoral 
Extensive Institution, and is an AA/EEO Employer. 


Appalachian. 


STATE UNIVERSITY 


FOUNDING DIRECTOR 
Research Institute for Environment, 
Energy, and Economics 
(Search Continues) 


Appalachian State University invites applications and nomina- 
tions for the position of Founding Director of the Research 
Institute for Environment, Energy, and Economics, with a 
starting date as early as 1 July 2008. The Founding Director 
\willreport to the Provost, and work with various constituencies 
in all colleges and schools at Appalachian, Qualifications for 
this position include: 

Significant academic and research credentials in one or 

more of the Institute’s core areas or in a closely related 

discipline. 

Senior-level administrative experience, preferably in an 

academic setting or research center or institute 

‘Success in managing research by multidisciplinary teams 

in the relevant areas. 

Significant track record of external funding from state, 

federal and private sources for research in environment, 

energy, and/or economics. Success in assisting others 10 

secure funding for multidisciplinary research. 

Effective interaction with public, political and academic 

audiences 


Appalachian faculty have built a reputation for solid basic 
‘and applied research, education, and public programming 

‘environment, energy, and economics. Inaddition, Appalachian 
offers related graduate programs in biology, physics, public 
administration, and technology, and undergraduate programs 
in chemistry, economics, geology, sustainable development, 
appropriate technology, and building science. The University 
is committed to strengthening these areas of excellence by 
developing the Research Institute for Environment, Energy, 
and Economics to encourage and coordinate basic and applied 
research, emphasize the University’s commitment to enengy 
and environmental studies, and facilitate educational and 
‘community outreach programs. With a formal focus on envi- 
ronment, energy, and economics, the Institute will facilitate 
research that brings together faculty and students whose inter- 
ests lic atthe intersections between and among these areas, 


Appalachian State University (www.appstate.edu) is a 
member institution of the University of North Carolina 
System. Located in Boone, Noth Carolina, Appalachian has 
approximately 15,000 students in undergraduate and graduate 
programs at the Boone campus and several distance education 
sites. Information about the proposed Institute and about Uni- 
versity activities in energy and the environment is available at 


www. Web.appstate.edu/research/, 


Applicants are invited to send a letter of application, a 
current cvy., and contact information of five references. 
Completed applications in pdf or paper should be sent to 
resdirector’@ appstate.edu with “Institute Director Search” 
in the subject line, or to Institute Director Search, Cratis D. 
Williams Graduate School, Appalachian State University, 
Box 32068, Boone, NC 28608. Application review begins 
November 1, 2007, continuing until the position is filled. 


Appalachian State University is an Equal Opportunity 
Employer: Women and minorities are strongly 
encouraged 10 apply: 


Science Careers 
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POSITIONS OPEN 


The Department of Environmental Sciences a the 
University of Toko invites sppications for a tare 
twick position ae the ASSISTANT PROFESSOR 
level in earth surfice processes to complement existing 
University and departmental strengat in ecology, by 
Arolog, peology, gouges, and crviconmertal en 
kgincering: Compete cndiates must have a PhD. 
In the geosciences oF a clon reed fehl: postdoc 
ton experienc: is Gea ‘The suse cordate 
Will be expected to provide instruction atthe intro 
ctor level for nemmajoe: as wel fee the under 
alae and ate programs im geology and 

‘Our Department is 2 rapidly growing, mukida 
ciplinary, research oriented. academic unit with 23 
tenured tenure track ful time faculy. ‘The peimary 
esearch fovus envisioned for the candidate is on 
Phisical interactions at the lind-lake air inter 
{vith application to the Lake Erie Basin. Applicant 
should have expertise in the application and wtliza 
tion of remote sensing ind computerized geonpatil 
Snabis in their research. Research opportunities are 
Panicubrly promising in the western Lake Ene basin, 
{where the wnflaenae ofan itensively sed agro-urban 
Waterbed snd an economically anid ecological erica 
Water boxy produce an kleal satura bortery foe 
environmental research. This person will be expected 
{o develop an externally funded research progam 38 
Wallas coltaborate with colleagues in ongeing large 
Scale, multisciplinary research projects including 
‘watershed investigations, remediation, and Wetlands 

Tes anticipated that this position will begin in 
nial Auguste 2008, Review of applications will begin 
‘October 19, 2007, and continue until the position 
filled, Sale, tinge benefits, and startup ands ace 
Competitive. Applicants should subeai curiam 
Vitae descriptions of teaching and researc interest, 
find the names and addresses of three references to 
‘Alison Spongheng, Chae, Search Committse, Earth 
Surface Procencsy fof Environmental 

jenees; Mail Stop #604, Univenity of Toledo, 
‘Toledo, OH 48606-3990. Ie Uinry o Taelo» at 
Equd Opyownmiy, Ful Ase, Afioanee ain Engler 
lin? ia Mt Feats/ Vara one th Di 
‘these emu ayy For moe information visit 
the departmental webmite: eww eee. 
twtoledo. cu 


FACULTY POSITION at MIT 


The Massachusetts Institute 
partment of Biology is seeking an outstanding Scien 
tist for a tenure-track position as an ASSISTANT 
PROFESSOR. We are interested in candidates with 
important research contributions, the ability to 
develop a significant ana independent research peo 
igeim, and a commitment to ewellence in under 
‘geuduate and graduate education 

The applicant's research program should involve 
the study’ of cell, organisms or the interactions 
among them, Areas of interest include, but are not 
liesited ney, devel 
immunology, evolutionary biolo 
biology, including stem cells aging, and disease 

‘Werequire that applicants subent curricular vitae, 
summary of current and peeposed research programs, 
and three letters of recommendation online at 


We request that your letters of reference be 
submitted by: the reviewers online via_ website: 
academigobsonlineorg. Alternatively, they may be 
‘afta PO hte UDF atachmenis eral e-mail 
eee Biology Search Commitice 
Attn: Dr. Lenny Guarente 
‘MIT Room 68-132 
77 Masachusetts Avenue 
‘Cambridge, MA 02139. 
MIT is an Afirmstie Action Equal Oppouaity En 
ployer Quaified womor and minoeiy candidates se eeclly 
‘vcuiagal ts apply 
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#3 Washington University in Sc Louis 


SCHOOL OF MEDICINE 
FACULTY POSITION in DEPARTMENT of 
CELL BIOLOGY and PHYSIOLOGY 
‘Molecular Oncology Program 

The Deparment of Cell Relogy and Phy 

at Washingson Universty School of Medicine invites 
Sprlicatiogs for a wenuré-arack appoisemenn at the 
‘ink of ASSISTANT PROFESSOR. The suc 
Seafood wil joi the Mateus Onc 
Frogam, joint program between the Departments 
of Cal Hilogy and Inernal Medicine at Washing 
ton University School of Meticne, The Meoculsr 
Gncology Program is comprned of a brant group 
of bersttve toresupaces mmedying col ole com 
tol, checkpoint control, cell_death, :prosein 
Sgsiling, tcomnere biology, HIV. parhogenes 
imetaasis, oncogenes, and) tumor" suppressor 
Gusanding bitte: imeigaing fetomenal 
problems in molecular oacology are encouraged wo 
Spply. Candates must demonstrate the abaay 
idop an independent research program and a 
commimens to cacellence in raduate education 
Apphante mint have 2 Ph.D. and/or MLD. aed 
Posdoctoral experince. Please set. caricalis 
Vitcya summary of curent and proposed research 
Progam, aed arange for three letter of recom 
Trondaion to be tnt to 


Drs. Helen Piwnica-Worms and Kendall . Blumer, 


Co-Chairs 
Call Biology and Physiology Search Committee 
‘Washington University ‘of Medicine 
(660 South Euclid Avenue - Campus Box 8228 
St. Louis, MO 63110 
E-mail fa \@cclibiology.wusthcdus 


Applications should be received by February 1, 
2008. Wiskinson Uinmenity is cammiaed w saneasing 
Ieprsortatnn of woe and members of mot soups ot 
Jacny al parculaly encourages applications fr such 
sanbibees 


BIO-ORGANIC CHEMIST. ‘The Williams 
College Chemistry. Department invites application 
foe a tenure track pontion “at the ASSISTANT 
PROFESSOR lewd for fl 2008. Senior appout 
tent ponible in exceptional circumstances Ital 
teicling signment, depending upon the succes 
CGndidac’s subspecalty, will tnude two courses 
from: sophomore evel organic chemistry enzyme 
Kinetics and reaction mechaniams, Iuocheristry, ar 
2 course for nonscnce major. A semester teaching 
foal normally incades complete respomsliliy for 
‘one couse and tw Iboratory sectios, and super 
vision of student research, projects, Candidates 
Should have the Ph.D. or completed diwenation by 
September 2008 (postdoctocal experience & pre 
fered), The succes candidate mat have 3 stn 
‘ommnicnt both to teaching at the undergraduate 
level and 0 developing a productive recarch feo 
tram. Willams College is a hugh. selective, co 
‘Slucational Bheral ar institution of apna 
330 faculty apd 2,000 undergraduate, Tocted it 
dorhwestern Massachusetts. The Chemiary Depart 
tment is compored of 12 faculty. members and 
feadustes stout 25 to 30 major cach year; the 
Bepariment has excellent flies for teaching and 
research. The College & actively woking to increae 
the diversity of its science majors and sccka an 
individual who can help us meet thee goals, Mail 
tentme, undergraduate. and. graduate tanscrpts, 
Scscrptions of teaching philosophy and recich 
proxets for undergraduates, and thre leten of ree 
Denmendation tor Prof. Enrique Peacock 
Chair, Department of Chemstry, Willams 
lege, Williamstown, MA 01267, by November 12, 
2007. Electronic applications wil wot be aceepeed 
For additional information about the’ Chestisty 
Department, please visit our website: betp:// 
‘wor willama.eda Ch 

Wilians Cag & at Epa! Opocuniy/ABimate 
Aches Employer 


POSITIONS OPEN 


ASSISTANT PROFESSOR - ECOSYSTEM. 
ECOLOGIST 
he Depart of Fela and Evolonay Bi 
ology at the Univenity of Tennessee secks to fll a 
tenure tack Assistant Professor ponition in teres 
tral ccomatem ecology to start Augsst 1, 2008, We 
seck candidates who work on interaction’ and feed 
itis berween plants sil and soil biota ina global 
change contest: Applicants are sought who (1) il 
“ieelop strong collaborations with scientist at Oak 
Ridge National Laboratory and at the Universiy of 
‘Tennessee, (2) show evidence ofthe ability to secure 
cateral research funding, and (3) hive a demonstrated 
interest in mentoring tindergraduate and. graduate 
students. An carned Ph.D. and refereed publications 
ina relevant field are equeed. Teaching will nelde 
Sune in cog and aan eure 0 th 

jicant's speci. Internal appicants are Wel 
For more Etorsaion tu eke Deporoce webatet 
ecbubiosuth.eds. Candidates should ppb 
san cnt of Ecology 

and Evolutionary Biology, 569 Dabney Hall, Uni 
versity of Tennessee, Knenville, TN 37996, Ap. 
Ficans should send curriculum vitae, statements of 
esearch and teaching experience and goal, and ar 
‘ange for three reference letter 16 be submitted, 
ications wil be reviewed beginning October 8, 

7, and wil continue until the postion is filled 

The ier of Tea al Engen Opry 
AMfomaive aw /Tide VI/Tile IN) Seton SO4/ADAY 
ADEA hostano t pwof uon ad employ 
ino pane and svc. AN gil apne wil re 
‘yal det oem rind ma, oe, 
Mev ong ign sex pagar, mal st, sec 
‘woah 4, ppl or ml diary, or oven va) 


‘TWO CHEMISTRY FACULTY POSITIONS 
the Future 

University of California, Davis 

‘The University of California (UC), Davis, Depart 
iment of Chemistry (website: herp://www.chem, 
lucdavis.cdu/) invites applications for two chemistry 
any pasties meocenet © UC Davis En 
ergy for the Future Initiative targeting major energy 
Issues facing California and the nation, One position. 
{sat the ASSISTANT PROFESSOR level, and the 
dother position could be at a tenured rank (ASSO- 
CIATE of FULL PROFESSOR). Online applies 
tions for these ponitions are available at wel 
Inetp://energy.siedavis.ed. ‘This website also pro 
ides frther information about the Energy for the 
Future Initiative, which bring a total of fourteen new 
folky postions to the campus, including a total of 
far penitions in the Chemiery Deparment to be 
filed over a 10 to thrce year period 

The search is open vo all areas of fundamental 
chemistry targeting energy’ science and technology. 
However, ow areas ref weil rt) new 
mater for energy applications, and (i) bio-inspired, 
biochemical, and. biological approaches to ener 
generation and utilization. Competitive candalates will 
bring a strong research program in chemistry rele 
Sant to energy, a wel 4 strong comment 
undergraduate and graduate teaching. A Ph.D. oF 
‘cquivalent degree in chemistry or related. disciplines 
‘s required. The positions are open until filled; but to 
assure full consideration, online applications should 
bbe submitted no later than October 18, 2007, for a 
targeted start date of July 1, 2008, 

The Cinvenity of Calms ica ABimatioe Actin gust 


Opporanty Ene 


Initiative at the 


The Deparmcot of Politi at the Univeniy of 
Line sche an ASSISTANT PROFESSOR 
sngaged in diabetes o obenty research. Appiations 
Sre welcome from individual with excellent publics 
Sen inn atonal or ai wee cach 
The mace appicae wil be especte vo obtain in 
dependent rsa finding wien thee ear Can 
‘Slits ith Sn ALD. and/or PhD. wl be Comin 
Erol (email: paulepetein@louivileeda) car 
coe et gd tee ace eee Pol 
N Epstcin, Profesor, Department of Pediatrics, 
University of Louisvile Sthool of Medicine. 


aww. sciencecareers.org 


a at der Comet des Canes datas oot of the 
TN Exigenouischen dees scala Swi Federal 
‘Technichen poivtechmques politecnicas Instttes of 
ord Hochschulen edeérales federabas Technology 
- ETH Rat corr rr ETH Board 


‘The ETH Board wishes to appoint the 


Director of the Paul Scherrer Institute / PSI (wwpsich) 


‘The Paul Scherrer Institute is a multidisciplinary research centre and one of the world’s leading user laboratories. With over 
1200 members of staff, this autonomous institution is part of the ETH Domain and focuses on the fields of solid state rese- 
arch and materials sciences, elementary particle physics, energy and environmental research as well as biology and medic- 
ne. As a.user laboratory it operates large, complex research facilities such as the Swiss Light Source (LS), the Swiss Spallati- 
on Neutron Source (SINQ) and the 590 MeV proton accelerator. It also develops novel research instruments for the Swiss and 
international research community. 


‘The Director will be an innovative, charismatic, decisive personality with international experience and excellent acade- 
mic qualifications in one of the above fields. He or she will take over the operational management of PSI and assume 
responsibility for its long-term development. The new Director will already have successfully demonstrated leadership 
qualities as a scientist and head of a large research unit. The successful candidate must be able to take decisions unas- 


cd, create an efficient management culture with no unnecessary hierarchical levels and at the same time proa 


ly integrate the diverse aspects of the institution. The person appointed must have excellent communication skills in 


dealing with both the general public and the scientific community. Experience in mani 
be an asset. The successful candidate will qualify for a professorship at the Federal institute of Technology in Zur 


Lausanne. 


Ing a large user facility would 


Please send your written application with comprehensive curriculum vitae marked "Private and Confidential" by 10 Octo- 
ber 2007 to: Dr. Klara Sekanina, ETH Board, Haeldeliweg 15, 8092 Zurich, Switzerland. Your application will be treated 
in strictest confidence. For further details call +41 44 632 20 64 or e-mail sekanina@ethrat. 


The Department of Ophibalmobgy & Visual Soences at 
the Univerty of Loutle Is one of the lading aca- 
demic departments of ophtbalelogyw the nator. Is 
‘major recent of NIM funding with 22 fu-tene 
aa and base scence facity, The sucess car 
daw wil perform research ia osay mentored pro 
gram focused on retinal regeneration sing. bone- 
Irarow dered, as well as codar-derved sem cals 
‘The primary manos for tis program are Davghs 
Dean, PhO. and Henry 3, Kapa, MD. 


‘The Wot. Postdoctoral Flip ln Stem Cel logy 
's for a teyear commitment. Traning and base 
research vil be complemented by partpaton basic 
Soance and cincal eorferences i the Department of 
Ophatmology & Visual Scences, as wll as other 
iscpnes within the Universty of Louse Heath 
Scenes Cater 


Applcants should be US. cttens or permanent rs 
ents, and have caved thelr PRO wan the pat to 
Years. The Felowship poston is avalate staring inthe 
2007 = 2008 academic year Fr aitral informaiton 
lens contact: 


Henry. Kaplan @ 502-852-3716 or vi email a 
ankkaptnGlousvieedy 


Douglas Dean @ $02-852-4882 or a ema at 
‘dedenO lousy 


UofL Health Care 


ries of Louie 
Lous, Kertucky 

eine fossa esl opera trae 

eta am ran eh ort 


PURDUE 


UNIVERSITY 


Department of Biological Sciences Faculty Positions 


‘The Department of Biological Sciences invites applications for faculty positions in the fol- 
Jowing four areas: (1) Cancer Biology with an emphasis on stem cells or epigenetics, 
Q) Microbiology with an emphasis on biofuels, (3) Molecular Evolution, and (4) Evolutionary 
Ecology. We expect to fill academic year appointments atthe Assistant Professor level; however 
appointments ata higher rank will be considered for qualified applicants, 


‘The Department has over $0 faculty members directing research in a wide range of fields from 
bioinformatics, through molecular and systems levels to evolutionary biology and ecology. The 
Department directs transgenic mouse core facility in conjunction withthe Purdue Cancer Center 
and maintains an animal facility. Further information about the Department is available at http: 
‘iyeew:bie.purduesedu/. The University is expanding Life Sciences on campus and as part of 
this initiative several new buildings have been completed or under construction, These include 
the Jischke Hall of Biomedical Engineering, the Hockmeyer Hall of Structural Biology, and the 
Bindley Bioscience Center, which houses shared facilities for image analysis, genomics, quan- 
titative and functional protecenics, and biological instrumentation for systems level analyses, In 
addition, as part of its strategic plan, the College of Science at Purdue is hiring faculty in sev- 
ral interdsciplinary areas that span multiple departments including Biological Sciences: http: 
‘iwoew.seience.purdue-edu/hiring 


‘Successfll applicants mast have Ph.D. or equivalent in an appropriate discipline and atleast 2 years 
‘of postdoctoral experience. We seek applicants with a strong potential for excellence in research, 
the promise of extramural funding and a commitment to excellence in teaching. Applications must 
be submitted electronically as a PDF file that includes a detailed curriculum vitae, the names and 
adresses of three referees, a summary of research interests, and a one-page teaching statement to 
‘Search bio.purdue.edu. Inquiries shouldbe direcied to: Faculty Search Committee, Department 
‘of Biological Sciences, Purdue University, 915 W. State St., West Lafayette, IN'47907-2054. 
Review of applications will begin October 1, 2007 and continue until the positions are filled, 


Purdue University is an Equal Opportunity/Equal Access/Afirmative Action Employer 
‘and is commitied to building a diverse faculty of excellence. 
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POSITIONS OPEN 


FACULTY POSITION, TOXICOLOGY 
"The University of Texas at Austin, 

‘The Divi of Pharmacology aid Toxicology in 
the College of Pharmacy seeking a tenure seack 
Postion atthe led of ASSISTANT or ASSO- 
GIATE PROFESSOR with vn ansipted staredate 
Of fall 2008, The succesful candlate will Be ex 
pect to establish 3 mttonally recognised research 
pgam fin ae coment punta regs. 
‘Tha ares inch spopeons, Bret cance, to 
chil al oatlant sipealing eprodacive Woe 
fy, al ncuroacicnce: Qualifcations clade 3 PhD, 
{oresuivtene doctoral degree)» song puliation 
fevonl, and exellent communication ah. Mex 
tence wil be given to individual with independent 
rey ite) ov ah wag 
in plarmacology/raskolbgy, = poriipaton in 
teaching ofboth PharmD, ad HDs 
Sir A compeekive sarap package aed Lborato 
‘space are lable, The Divkion of Pharmacology 

isa jim parcipant withthe MLD. 

‘Andenon Concer Centr fn a National Instiate of 

Emini Hak Scenes Environmental Cnet 

‘sincepark mndanderson 

Ting progam in wxiclogy and acotam. De 

taal he Rema al wy sara 

Progam, alate academic programs an awocated 
fescrh certe, can be found st webaie 


4 statement of their research plans, and only fist of 
three references to: Dr. John H. Richburg, Search 
‘Comumittce Chair, The Univenity of Teas at Austin, 
PHAR-Pharmacology PHI 5.218, 1 University 
Station ALLS, Austin, TX 78712:0125; appiica 
tors may abo he sent via e-il to e-mail J 


cautexatedu. The application deadline i No- 
ber but applications will be reviewed. 
until a suitable candidate is selected. UT-ritio an 
Equal Opportnity Abiomatve Acton Employer. Qualified 
‘women al arin are enounaged to apply This a 
sean teste pasion noun «cial backwowed cack 
(ofthe seen apne. 


ASSISTANT PROFESSOR, 
‘The University of Chicago 
Department of Chemistry 
The Department of Chemistry of the University 
of Chicago invites applications. from outstanding. 
individuals for the positon of Assistant Professor of 
Chemistry, This search is in the areas beosly de 
fined as inorganic, organic, and physical chemistry 
Applications must incliale curriculum vitae, a list of 
blkations, and a succinet outline of research plans, 
and be supported by theee letters of recommerada 
tion. Submit materials by mail addressed, a8 appeo 
priate, to: Inorganic Search Committee, Organic 
-arch Committee, or Physical Search Committse, 
Department of Chemistry, Office of the Chairman 
(Ghj 222), The University of Chicago, 5735 S. 
Ellis Avenue, Chicago, IL 60637. Review of 
‘completed applications will begin October 1, 2007; 
to ensure fill consideration, all material should be 
submited by that date. Usrty of Chae ts a 
‘Aficnaive Aion / Equal Opty Employer 


FACULTY POSITION 
Vanderbil Univerty Medical Center 

The Department of Cancer Rioogy inthe School 
of Medic a Vanderbde Univertty accepting 
Spictions foe tare tack ley pontine the 
AUSISTANT or ASSOCIATE PROFESSOR ova 
for investigator with reese interests foewsed om 
the tumor mirocnronment. metigaers with an 
ee apna rn a 
acum wise statment of reach ire and 
Faure racic pln and contact iffcmation for 
three indduat wiling to wrkc laters of recom 
trendatin tor Lyn Mi. Matistan 2290 Pree 
‘Avenic/771_ PWS, Nacbuile TN’ 37282-6840. 
Webi Tae 
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POSITIONS OPEN 


ERED HUTCHINSON 
CANCER RESEARCH CENTER 


MD. or MD./Ph.D. PHYSICIAN/SCIENTIST 
tr Ph.D. TRANSLATIONAL SCIENTIST 
Postion Available 
Fred Hutchinson Cancer Research Center 
‘Seatle, Washington 

The Fred Hutchinson Cancer Research Center 
(EHICRC) i recruiting 2 Geulty member atthe AS- 
SISTANT, ASSOCIATE, of FULL MEMBER 
level with acive Lboratory research elated to breast 
cancer, Poysian/Scimbts with scrang laboratory 
teseuch and licked exponiae ina breast cancer 
fled discipline or PRD. candidates with active 
Tearlatonal revearch interes a breast cancct a 
Strongly encouraged vo app. The succonfal cand 
‘ice wil join the ange Breas Cancer Research group 
‘within the FHICRC/ Univery of Washington Cancer 
Consortium; a dynaniie crow Ssciphnary research 
team dedicated to improving prevention, detecicn, 
‘agnonis, prognosis, and treatment of breast cancer. 
‘The prey Sppcisumcst ‘wil Ue ta. tae Clinksl 
Resarch Divison ofthe FHCRC. If desired, 3 joint 
appointment may be made to other divisions at the 
Cleter and vo the fall time faculty tn an appre 
cpartsnent at the Universty of Wathingron 

Taverened indiiduals should forward thee cur 
viculum vitae, including a research plan apd the 
fares of five references to: Suzanne Lene, Pred 
Hotchinson Cancer Research Cente pale 
view Avene Nu Mail-Stop: COL 
19024, Seatle, WA 9810S. The cloning date for 
applications s November 1, 3007 

Me Foe! Huedanon Caner Roca Crt a0 Agr 
mas Asin, Equal Oppatonhy Empiye: We a Sale 
and w baling «aay dveoe yal ee sang? 
(pylecins fom men, wan nts wt hacia, 
event een 


ASSISTANT and/or ASSOCIATE PROFESSOR of 
HUMAN GENETICS 
The Deparment of Human Genetics a the Un 
seity of Ua School of Medicine & contiming 4 
now major expansion, recriking three new hve 
tigaon over the nels three year to. bald upon 
‘Sotingsrengibs in human genetics and develop 
tent biology 
We are seeing oustanding applicant atthe level 
of ASSISTANT and/or ASSOCIATE PROFES. 
SOR isthe broad eke of genetics and finctional 
enoniks, cluding but Hoe lnited to human ge 
cis, genetic approaches to complex dicate, poy 
tiation enction behavior genetic, regenerate 
tedine, evopesental genes, and al nde 
‘Sf humm dieu and devdopment. Our Depart 
tent has s strong story human genic andr 
Sources sch asthe Utah Population Data Rae, dat 
dre mij inthe worl Thee rescues have crested 
tighiy prune and oilabursive anirenncet be 
tween ferent cay. 
‘Grain sdes with accord achive and 
committment to eaclence in os reach and tach 
ing are encouraged to apply. Sicceafl candidates 
wl rece s sbsantia up package aod enoy 2 
Simulaning and supportive research cevironmcnt 
‘rears care am 
inary of research pars, evant reins aoe 
prints and thee laters of ekenee 
Dr. Mario R. Ca 
Co-Chair, Department of Human Genetics 
Howard Hughes Medial Instinute 
University of Utah School of Medicine 
15 North 2030 East, Room 2130 
‘Sule Lake City, UF 84112-5830 
Appbcation mites, incuding laters of efer 
ct boul be subesited by Nove: 9, 20077 
The Unventy of Uh & a Eg Open AB 
seals Bap, mre wins onl ipsa 
font women at Diary Sl pas meu oe 
dem te haven dks of apn ad emp 


POSITIONS OPEN 


INORGANIC CHEMIST, The Wiliams Col: 
sege Chemistry Department invites applications for 3 
tenure-track positon at the ASSISTANT PRO- 
FESSOR lee or fal 2008 in the general ae of 
inonganic chemistry. (Senior appointment posxble in 
‘xeepticnal cecurstanes) Ina teaching sigh 
tment, depending upon the succesfal candidat 
Subspecaky, will include two cexines from: intro 
Uiictory chemistry, sophomore inonganic and phys 
{esl chemistry, advanced inorganic onganomeralic 
‘hemistry, and instramental methouls vf analysis, A 
Semesters teaching load normally includes complete 
‘esponsiily for one course and two bbboratory sec 
tions, and supervision of student researc projects 
Candidates should have the Ph.D. or completed dis 
sertation by September 2008 (posidectoral experi 
fnce is preferred). The succesful candidate Must 
itive a strong commitment beh to teaching a the 
tundengraduate level and to developing a peenuctive 
research program, Willarss Calle in highiy elec 
tive, cooluestional liberal ans institution of approx 
imately 280. faculty” and 2,000 undergraduates, 
located in northwestern Massachusetts. ‘The Chem 
istry Department is composed of 12 faculty members 
tnd graduates about 25 1 30 majors each year; the 
Department has excelent faites for teaching and 
research. The College is actively working wo increase 

fs science majors and seeks an 
‘can hejp us meet theve goals, Mall 
resume, undergraduate and. graduate transcripts, 
Aiscriptions of teaching philonophy and research 
Jeojects for undergraduates, and three leticr at rec 
Smmendation to: Prof. Enrique Peacock: Lopes, 
Ghair, Department of Chemistry, Willams Col” 
lege, Williamstown, MA 01267, by November | 
2007, Electonic applications will not be accepted 
For additional information about the Chemisty 
Deparment, please visit 


ACADEMIC POSITIONS OPEN 
‘TENURE-TRACK PACULTY POSITION 
at Florida State University Physical Chemistry 

‘The Department of Chemistey and Biochemistry 
favites applications for a tenure-track ASSISTANT 
PROFESSOR position in. experimental physical 
chemistry (broadly defined) to begin in fll 2008, 
Candidates are expected vo mount highly ereative 
fnterdiciplinary research program that externally 
fianded, and to contribute to graduate and undergrad 
uate teaching in the Physical Chemistry: Progr in 
the Department. Applicants should send curricula 
‘tae, research plan, a statement of teaching philos 
‘ophy’ and interests, nel arrange to have three letters 
‘of recommendation sent to: Chair, Physical Chem- 
istry Search Committee, Department of Chemis- 
ty and Biochemistry, Horida State University, 
95 Chieftain Way, Tallahassee, FL 32306-4831 
Review of applications will begin November 1, 2007, 
and will continue until the position is filled. FESU d 
{a Afirmatioe Acts Esgual Opportunity Employer: wore, 
‘wtenns, doled persons, and monbes of wulenepnsene 
minor eneanagl i apy 


NATIONAL UNIVERSITY of SINGAPORE 
Deparment of Chenieal and Biomolecular 
Engineering 

The Department of Chemical ad Wiomolecu 
lar Enginering at Niinal Ursversy of Singapore 
itvites appteations soe TENURE-TRACK FAC 
ULTY POSITIONS seal veh. The Department 
i one ofthe large ternational with acelent 
Shouse inffasinctare for experince and com 
Ptational rescrch. APD. inchemical engineerin 
Screed area and a strong research record wil 
Shedlent peblicsions are required, Pls refer (0 
swebste bntp:/ /www.chbeanedlsg/ for more 
Seemaice Re Rie oF Mae fo 
fication deat. Appicsnts should send fill cue 
Shin sine (inching hey publications), a dvaled 
freak plan satetens of teaching inert, ad a 
i eras en terme ro 

Rajagopalan, ment (ata 
Ma. Naney Chis, email nancyehia@nanedusg) 


aww. sciencecareers.org 


THE UNIVERSITY OF 


ANSAS 


ASSISTANT PROFESSOR 
Department of Molecular Biosciences 


The Depunment of Molecular Bioscicnses at the 


University of Kansas seeks applications from out 
sunding individuals for u terure-rack ASSISTANT 
PROFESSOR position in Chemical Biology 
Appointment is expected 1 begin August 18, 208 
‘Applicants must have a char inicrest ysl the 
funtion of enzymes a the molecular level ‘ning 
proaches a he interface of chemistry sod biology 
and doctoral degree (Ph.D., M.D, M.D/PAD,) in 
ological orchemcal eiences expecied by srt due 


Wl be expasied to develop and mainaia an sche 
cach rogram and conte th teaching and 


ing inerests and philosophy to the adress below 
pk ao urunge for tree eters of re 
sent direly w the wires below. To 
ensure full consideration, complete applications 


For more information about the Department 
Medeculur 
p/w wanolecularbiowlencesusedul 
EOIAA Employer. 


Université Claude Bernard 


UNIVERSITE CLAUDE BERNARD LYON 1, LYON, FRANCE 
Fifty faculty positions in 2008 and in 2009 


Université Claude Bemard University Lyon 1 willoffer, each year in 2008 and in 2009, 
about 50 tenure-track positions (associate and full professors) inthe following fields: 
mathematics, physics, chemistry, computer science, mechanical engineering, 
electronics, biochemistry, biology, pharmaceutical and medical sciences. Applicants, 
are invited to consult our web site www.univ-tyont fr and to click on “employement’ 

‘They will find as examples, a short description of the different positions offered in 
2007 (click on “the jobs"). Appointees will be selected through national and local 
Scientific committees. Indications on the selection procedure, and the salary ranges 
can be found on our web site (download the pdf “devenir v2" following the “faculty 
members and researchers” fink). The appointed faculty members are expected 
1o establish a successful research program and secure extramural funding. They will 
be involved in undergraduate and graduate student education and research. The 
University is one of the largest in France with more than 30 000 students involved in all 
the domains of science including life science and engineering. Itcan boast of a very 
strong and efficient research activity taking place in more than 80 laboratories canying 
‘out cutting-edge research focusing on three main domains : health, material and 
‘environmental sciences. Lyon, in the heart of France's second most important region 
areais the third largest city with 1.2 milion people famous for its industrial network, 
higher education and gastronomy. More information about Lyon can be foundin the 
Higher Education and Research Researcher's Guide httpy/www.lyoncampus.org/ 
pagesguide/etab3.htm. Applications will be accepted early in 2008 for positions 
‘opened in september 2008. Inquiries are handled by Emaillonly by Prof. J.F. Momex, 
Vice-President in charge of research mornex@univ-lyont.fr 


STANFORD UNIVERSITY 
DEPARTMENT OF CHEMICAL 


Stator! Univers Se 
Aplications for a tenure-track or venred poston at 
the ASSISTANT of ASSOCIATE PROFESSOR 
evel, We are paricully intrested in candaates 
Who have research interns at the itertce of 
omelial sad phys scenes (ep chemical 
Dalogy, simttaive. Molo, sytem bolegy) 
Canes cou 
mmahadobpies (ema speteonopic approaches 
Wo protemies or api 
‘hetteal and yuemevet 
Pasticulay wellautel However, eutsading 
feplkan in iny en of spa raion or 
utdanding —ewionnest for ceathe 
lnendveipiaary owed rear Rak ant 
‘lye depelent on the candates 
(qualifications. "The pedominatciteron 
ppoinmentin the Unherity Tenure Lin sa major 
‘hndtinet wo reeach aed aching 
Canlites should have & Ph.D. ane MLD. depee 
University 1 an equal oppomunity employer ands 
‘mite to nceaing the dient oft Beall 
A Weloomes nominations of and spplicaats fom 
oamen and minority group, as well a8 others wh 
‘woul ring alton nesses the ners 
Feseah, teaching and clinical masion. Cale: 
‘Soul send smculu vse dere of fire 
research plans and the names of Mee potent 
Feros by Novenier U6 
James Ferrell Professor and Chair 
‘fo Jean Kavanagh, FAA 
Department of Chemical and Systems Biology 
269 Campus Drive, CCSR Bldg Room 31484 
Stanfird University School of Medicine 
‘Stanford CA 94305-5174 


National Institutes of Health 
Office of the Director 
Office of Biotechnology Activities 
Office of Science Policy 


INTERESTED IN APPLYING YOUR SCIENTIFIC OR CLINICAL EXPERIENCE 
‘TO ENHANCING FEDERAL POLICIES GOVERNING CLINICAL RESEAR¢ 


JOIN A FEDERAL INITIATIVE TO COORDINAT! 
AND STREAMLINE CLINICAL RESEARCH POLICIES 


‘The National Instiutes of Health (NIH) Clinical Research Policy Analysis and Coordination (CRpac) 
program is recruiting exceptional candidates for several analytical and management positions. The 
‘CRpac program is located within the Office of Biotechnology Activities ofthe Otfice of Science Policy 
within the Office ofthe Director, NIN. The CRpac program staff is responsible for identifying and 
pursuing opportunites for hamnceization, streamlining. and coordination of Federal clinical research 
policies and will ensure focused attention on NIH efforts in this regard. Among other initiatives, the 
‘CRpac program is exploring and developing strategic approaches to 1) harmonizing adverse event 
reporting requirements 2) clarifying agency views on the acceptability of IRB models for various types 
of clinical research activites, 3) coordinating the development of DSMB policies and clarifying their 
roles and responsdiltes, and 4) developing guidance on informed consent processes for those conside 
ring participation in clinical research. See our website at http:/erpac.od.nih.gov for more information 
about the CRpae program. 

‘We are recruiting for Health Science Policy Analyt. The incumbent of this positon performs senior 
level scientific program planning, evaluation, and analysis responsibilities in support of this new 
initiative. In addition, the incumbent is the lead policy analyst and advisor on one of the following 
‘new initiatives: centrally-administered versus locally-administered Institutional Review Board (IRB), 
tamonizaton of diverse adverse event reporting requirements to include improving thei understanding, 
compliance, and we: and development of standards for electronic submission of safety data 

Salry is commensurate with experience and includes a full benefits package. A detailed vacancy 
announcement with the mandstory qualifications and application procedures can be obtained in 
USAJOBS at www.usajobs.gov (announcement number OD-07-201997-DE) and the NIH web site 
at hitp:/jobsnih.gov. Applications must be received by midnight easter standard time on closing 
date indicated in order to be considered. Questions on the application procedures maybe addressed 
to Felicia Royster on 301-496-3531 


DHHS and NIH are Equal Opportunity Employers 


y Department of Health and Human Services 
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POSITIONS OPEN 


BIOLOGY DEPARTMENT 
Eukaryotic Developmental /Cell Biology 

“The Department of Biology’ secks applicants for a 
tenure track position to begin late Auwsst 2008, 
‘The successful candkdate must have a Ph.D. and aust 
have demonstrated excellence in unilergraduate teach 
ing; postdoctoral research experience preferred. Pref 
ference will be given to candidates working in animal 
‘or fungal systems who can take advantage of existing 
{hcilties, This person will each introductory biolo 
gy, molecular cell biology, genetics, and dlectives in 
area of expertise, and is expected 10 maint an 
Active research program that involves undergrada 
ates. Colorado College & committed to increasing 
the diversity of its community and euerkxulum, Can 
didates are encouraged to identify the ways in which 
tie Sn cone et ol penion d 
line i» October 14, 2007, To apply’ send letter of 
appteation, caicukim via, grahute and under 
lenuluate transcripts, statements of teaching philoso 
phy and research interests, and three letters of 
reference to: Dr. Mare Sayder, De eof Bi 
ology, Colorado College, 14 E. Cache la Poudre 
‘Street, Colorado Springs, CO 80903, Colorad 

lege isa highly selective national liberal arts col 

ge with a unique one course at-atime curricula, 
Tie Cates on Equal Chyoraly Bele de des et 
earininte othe Basis of re, coor, a, eligi, se, sex 
‘rentaion, tiol origin,  sabity 1 eduction poe 
‘rans, aa, empty pou 


The biology division of the Iinois Instisute 
Technology invites applications for a. TENURE- 
‘TRACK POSITION in any area atthe forefront of 
‘modern biology. ‘The exact area is secondary 1 the 
aly ofthe candidate, bur Esperimentalits who 3p 
ply molecular, cellular, or biochemical techniques 


problems in genomics, proteomics, systems, OF sir 
tiie Bade ar paral ita to apy, The 


gy disnon exits within the Dapurtmaart of Bo 
‘Chemica and Physical Sdences IFT, pening 3 
vilrant, highly interdsaplinary environment 
The huccessful cndidate wil contribute to teaching. 
‘ofboth undengraduates and yraduate sturlent, and set 
‘up an active research laborateey. An attractive startups 
paclage will he provided, but external funding or et 
‘once of near term fandalilty is anil 
nd curriculum vitae, separate research and 
teaching statements, and ‘the names and contact 
mation of three professional references who Will, 
contacted for shortlisted applicants to e-eall 
iuedu. For full considers 
arrive By 1 November 2007, 
akhough the position will remain open until led 
Wins bistinue of Technolgy a Egil Opportanity 
Affnatie con Enmoyes Women and. inti ane 
‘money enraged apy 


The Department of Bidlogical Se 
College invites applications foe ate 
tion at the rank of ASSISTANT PROFESSOR to 
bboxin August 2008, We are secking a broadly trained 
BIOLOGIST who is strongy committed to excel 
lence in beth teaching and research in 3 hberal arts 
college environment. The postion i open to any eld 
‘of biology, however, we are interested in candidates in 
developmental biology, endocrinology, or behavior. 
‘The sucessful candidate will teach courses at al levels 
of the aurriculum and develop an active research 
program that invohes undergraduates. 

'ATh.D. and postdoctoral experience are requieed. 
Applications should ineude a cover letter, curricular 
vitae, statements of teaching and research interests, 
and three letters of recommendation. 

“Materials should be submitted in Word or PDE 
format to e-mail: bioO7scarch@wellesley.cdu or 
mailed to: Kaye Peterman, Department of Biolog: 
ical Sciences, Wellesley College, Wellesley, MA 
02481. ‘The Weadline for receipt of all application 
‘materials is October 18, 2007. 
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POSITIONS OPEN 
regon state | College of Health and 
0 on State | fetes ea 


FACULTY POSITION in 
‘MUSCULOSKELETAL HEALTH 

The Department of Natition and Exercise Sci 
esti he Calg of ath and ama Sens 
St Oregon State University invites applications for a 
cantons; nbeorrak All toe fy poor 
in the newly crestod Center for Healthy Aging 
Research with the rank of ASSISTANT or ASSO- 
CIATE PROFESSOR. The succesfal applicant 

be expected to establish or maintain a compet 
ive recarch program in one of the following two 
areas: (1) efees of aging on the cellar and phy 
‘ological function of bone and/or muscle, or (2) 
translational esearch pertaining to human ease 
siektal heh ani/or plysial function in aging 
Tis research shoukl have a mechanistic focus rated 

dict and/or exerdse. The succesful appicant will 
tho be expected to teach core undergraduate courses 
im nutrition or exercise scence, and graduate coutses 
in area oF expense. To ew 2 fall announcement oF 
posting #0001434. Applic: 
December 3, 2007. For addional iar 
imation: Russell Tumer, telephone: 541-737-9545 
re-mal russel tu sed. OS a 
(Gina on Ted rant Emp 


ASSISTANT PROFESSOR in 
DEVELOPMENTAL BIOLOGY 
Univenity of Missouri at Se. Louis 
The Department of Biology at Univenity of Mis 
sour at St Louis ives appBatons foe tenure 
track Awinant Profenor poution in developmental 
Pe). Applicants with esprit in any aypect of” 
Aicvdopmental biology willbe comaslerel; however, 
Se ae particule nteeted i appa Hocus 
‘Sh honmnmlizn systems and se inteapinary 
Spprouches,chaling molecdar bokogy, cell 
fr biochemistry, Woinfoematic, and functional 
sromcs, The succewfal eandidae wll be expeced 
{o oablsh 2 vigorous, externally funded rexearch 
agama pac teaching and adn 
tindershdtate and graduate sens. Appl 
cast ave a PRD. Co gue) apd 
cord eypercnce ian appropiate dupe with 
idocs ohh quay ech Gear epee 
Sins wil ncaa cover leer, cucu via, 3 
‘die outine of research pans, copies of up to fe 
palliation, 4 statemene of teaching interes std 
Pilon, and thece ence of reference. Send a 
cation documents to Maryann Hempen (ma 
Krempen@umstedu), Department of Biology, 
at St Lous, One Univcraty 
Boulevard, St Loui MO 63121. Telephone: 314 
516-6202; fax 314°516-6233. teicw of appbcs 
tons wil gin October 31,2007, snd wil cosine 
tnt the pontion & fled. Unueety of Mist an 
‘first np Oprtomty Ey com 
cattle Sigh dry. 


A SENIOR RESEARCH TECHNOLOGIST 
position is immediately available in Cleveland Clie 
Foundation. The candidate must have a Bachelor's 
lor higher degree in biological sciences or related field, 
and very strong background in molecular biology, 
and extensive experience on genomic DNA cloning 
and gene mapping. The sacesalcniate wil be 
realeed to dene the gone srature, doin exper 
imental apprasches to make transgenic constescts 
bsaeral artic chromeome dones. The knewledas 
and experience on embevoric stem call culture wil be 
| pas, bue not occewuary. Interested applicants lease 
Soba curscukim vitae and names an contat sor 
ration of three reforms to Dr. Xisoaia Li, Depart- 
ment of Immunology, Lerner Research Institute, 
9500 Euclid Avenue N.E. 40, Cleveland, OH 
44195, or via emai: lix@ccEong. 


POSITIONS OPEN 


‘SENIOR FACULTY in CANCER BIOLOGY 
Department of Chemistry and Molccular Biology 
‘North Dakota State University 

The Department of Chemistry and Molecular 
Biology (website: hetp://www.chem.ndsu. nodal 
edu) is sceking outstanding applicants for 3 tenure 
track serio ficulty (ASSOCIATE PROFESSOR or 
HIGHER) positon in, but not limited to, cellular 
process controlling tumorigenesis, 

“The Department has excellent modern facilities 
with an annual research expenditure exceeding $3 
tnillion, Since 2001, ficulty trom the Department 
hhave spearheaded a nationally competitive Center of 
Biomedical Research Excellence (website: hte 


forandit set go Foad oe haman 
lh disorders, ining cancer al asthma. The 
Center har watecotthe- a tology and ymibetic 
Gheminy cor fcahien The cane espe 0 
feanean a vigorous NilHl-eappered rece pro 
fjord panei’ tn the octal esion of 
te Department by teaching aduate and under 
fgadine talents. The Department ics MS. and 
FD. degre in bh chemistry and ochemiary/ 
rmdlecuar Bogy 

The candste should have 2 PhD. 
Whi degre i chemiry, Bach 
trilogy, cra rated fel A demonstrate cord of 
2 rately compattne racach program in ance 
teblog ora rae ld required. Appian mus 
te a co comamnicne efeaiey te spoken td 
‘riten English This poston wil hve 8 compet 
tive sarup package ao! sry wil be comments 
with experince, Review of applications wil begin 
November, 1 2007, snd wil Continue wot file 
Quatfedspplicanes should send alter of intrest 
SSitement of escuch teens curculim Wise and 
thre eter of reference 

Mukuind Sib, PhD. 
Department of Chetry and Molecular Biology 
‘Nordh Dakota Sate University 
231 Albrecht Boulevard 
P.O. Box 5816 
Fargo, ND 38108:5516 


E-mail inguiries may be sent to email: ros 
nichols@adst.edu. 
‘Nath Dabots Sat Univrty i an Kgual Oppornity 


stain, 


POSTDOCTORAL POSITION 

Neurophysiology of Visuo-Motor Control 

‘To study synaptic interactions between identified 
fscurons in various visuomotor cooedination path 
Ways ducing movements to visual targets i eats. The 
specie question being added is hen corte, thal 
Sins, ad cerebellum interact 10 ensure the precise 
Fonitoning of feet daring walking. The acuity of 
Egle idcmtticd neurons in cerium, thalamus, 
rad cortex will be analyze in elation W0 mechanics 
‘of movements and local pharmacological mapa 
lnsies (riceingtions or iontephoress of synapwiclly 
ase compouncs). Lea more at website: tgp: // 
sun belooserova.com. 

The mont important qualications needed are the 
demonstrated strong reasoning skills and a pasion 
for experimentation. Experience with electraphsl 
logy great pln. Good writing skill, advanced 
Sails in computer applications, and sone experience 
‘oth animal taining ace ako phives. The ileal ean 
{date will beable to conduct experiments with ony 
lived help Som technical penormel, aa wo produce 
dita and a good drat for atleast one publication per 
year. The postion is for one year; it wil be renewed 
bse on demonstrated proxiactivity. The success 
sandate will he supported t0 abo pursue research 
inthe ease re the el of or 
‘ontrol and to appl for independent fang. 

Send curiculumn vitae, names of three reterenecs, 
summary of previeus work and researc interests to 
Ina Bdloozerova, Barrow Neurological stitute, 
Phocais, AZ 85013; email: ibeloos@chw.edu 
Applications are reviewed continuously unfit po 
sition is fille. Eyl Oppartnty Employer 


aww sciencecareers.org 


Post-Doctoral Position 
Cellular and Molecular 
Regulation of j 
Angiogenesis and Assistant/Associate Professor 
Vascular Regression Membrane Protein Structural Biology 


ROSALIND FRANKLIN UNIVERSITY 


OF MEDICINE AND SCIENCE 


i Fea . As part of a University-wide initiative, the Department of Biochemistry and Molecular Biology 
Principal Investigato: (GME) continues to undergo signicant expansion and invites applications fora tenure-track Ari. 
Roberto Nicosia, MD, PhD. tant of Associate Professor in the area of membrane protein structural biology. We seck candidates 
employing cutting-edge biophysical techniques that will provide fundamental insight into the struc~ 
{ure-hased mechanisms of membrane proteins. Although preference will be given to candidates 
Using X-ray crystallography outstanding candidates caploying ether blophysical approaches 
years of postdoctoral experience. | | | Sreatecacomagedteapply OM iawelthndedaciedeprtmen they stenp ney 
and a strong background in cell commitment to development of membrane protein structural biology. In addition to faculty reerit- 
and molecular biology. Desired thet in this are, the University commitment includes recent development ofthe Rosalind Franklin 
ate wines ve Structural Biology Laboratories (consisting of state-of-the-art facilities for Xray diffraction, mass 
Benened laces vee speetromctry’protcomics, and electron paramagnetic resonance) anda Biophysical Instrumentation 
ogy, extracellular matrix Facility, aswell as accem to the nearby APS via participation inthe SERCAT beamline consort 
and immunology. Pos! ‘Candidates at the Assistant Professor level must have outstanding research potential and a commit- 
the Department of Pathology, Uni: ‘ment to excellence in teaching, whereas applicants atthe Associate Professor level must demonstrate 
hington/VA Medical ‘oustanding research accomplishment including national recognition and eranvural funding. as well 
» Seattie, WA ‘sa track recordin graduate taining. The sucessful candidate will receive a highly competitive salary, 
» ‘an attractive start-up package and space, and is expected to develop or maintain an externally funded 
‘esearch program, as well a teach atthe medical and graduate schoo! levels. Further information 
Send your CV and cover letter bout the department can be viewed at www.rosalindfrankin.edu/emsiochem, 


electronically to: 
y Interested applicants should submit their C,, a 2 page summary of esearch interests, copies of 
nicosialab@gmail.com representative publications, and the names of at least 3 references to: Dr, Ronald S, Kaplan, Chair, 
or by post to: Dept. of Biochemistry and Molecular Biology, Rosalind Franklin University of Medicine and 
Erie Fogel Sclence, 3483 Green Bay Rd., North Chicago, IL 60064 o¢ as an atached documento: ronald, 
1660S. Columbian Way Kaplan a rosalindfranklinedu. Review of applications will begin immediately and will continue 
s. ' ‘null the position is filled 

Mailstop S-1S1 

cattle, WA 98108 Resolind Franklin University of Medicine and Scence isan 
Equal Opportuniy/Affirmative Action Employer. 


Candidate will have up to three 


nce Careers 


Tur University of TEXAS 
Heacrn Serence Cenren av Houston 


Microbiology and Molecular Genetics 
‘Tenure-Track Assistant Professor 


The Department of Microbiology and Molecular Genetics in the Medical 
School of the Univesity of Texas Health Seienee Center - Houston socks an 
“exceptional scm fora tenure tack position at the Assistant Professor kev. 
‘Candidates must have a Ph.D. andor M.D. and several years of postdoc ral 
experienee, Demonstried excellence in research ts moce significant than the 
area of research. The sucessful eandate wil om faculty using dversemicro- OCEAN COASTAL GEOSCIENCE 
bial systems to study cell biology, regulatory biology, signal transduction 

(evga, und peingecsety acer, Lager nee tenis (Oceanographer GS-1360) 

Aireting an extramural Funda research program the successful eae The Office of Naval Research is seeking a qualified individual 

will be expocted to participate i teaching graduate and medical students fo manage sponasied hesicfapplied research, and advanced 

The postion affotsn competitive salary. sur-uppockage, and unparalleled development programs and projects in the broad area of ocean 
ae bas Spar ore faepe natn” POST ‘coastal geoscience. The sponsored efforts are conducted principally 
reais, New scarface ang BL-aoratns, il py at US. universities and industry or Federal laboratories. This is a 
Pepi ig ta tagt acca cerctieretacenrrted-et lid raed Federal Civil Service position atthe GS-13/14/15 level ($79,397 


Medical Center, departmental faculty collaborate and interact with the other * r 3 
academic and health components including Baylor College of Medicine. M.D. '$143,471) depending on individual qualifications. 


Anilerson Cancer Center, Rice Univers the Texas A&M Institut of Biosc- The position requires knowledge and experience In the fundamental 
‘ence and Technology, and the UTHSC-H Institute for Molecular Mesicwse. hecries, concopts, and curved sale-of-fhe art research andlor 
The bea and quality of biome science inthe Texas Medial Cor chad Govekesencnd in fo-aroa of cosen coastal pecasence; 
rivals that of any academic medical center in the word induding but not limited to, wave mechanics and prediction, 
Applicants should submit a curriculum vita, a statement of research interests nearshore circulation, boundary layer physics, sediment mechanics, 
tnd plans and contact information for at least thre referees. For ful eonsid- ‘coastal geology, and river dynamics. 
eration, completed applications should be submmted by December 18, 2007 
Applications shoukd be directed to: Samuel Kaplan, Ph.D. Microbiology For information on qualifications and how to apply, 8ee ONR's 
tnd Molecular Genetics, The University of Texas Medical School, 6531 ‘Job Amouncements at our website htt:/www.onr.navy.miV, 
Fannin St, MSB 1.206, Houston, TX 77030-1501; Ema: Lyska. Morrison ‘Applications must be submitted by the date noted in the job 
Guthameedu. announcement. For technical information contact us at 

The University of Texas Health Science Center at Houston is an EO/AA hedeptiots@onr.navy mi 

Employer MEDV-This position is subject fo Texas Education Code $ 
POE DIS 4 background chek wil e eputed or th fa om date U.S. CITIZENSHIP REQUIRED « AN EQUAL OPPORTUNITY EMPLOYER 


Women and minorities are encouraged 1 apply 
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POSITIONS OPEN 


PHYSIOLOGICAL ECOLOGIST 
University of Arkansas at Lite Rock 
‘The Biology Deparment at the Univers 
Adkansas a Lite Rock (UALR) ites sptions 
fra fl cne, nur rack ASSISTANT PROFES. 
SOR position (lb #389) to bewn fll 2008. We 
Sek a Phyiclopea Ecsoger vio wil teach nam 
tealan or conparantepitoogy, n well a devop 
anced counes in his/her aca of expense. The 
socosid crvns mor havea ong toneniioea 
tenga op a caan 
funded micich, progam. Applian mt ne 3 
ID oy es: pte epee 
“The Department of Biology ois both dhe BS, 
and ALS. degrees and parispates fully the ap 
plied biscitnes and Gointormaice PhD. pe 


izrams, The University of Arkansas at Little Rock 


clitan university with a current encollme 
500 students, Vise website: 
for more informal 
and the Department. 
wubmit a letter of application reference 
ing job #389, curriculum vitae, transcrip, state 
‘ments of rescarch interests and teaching philosophy, 
and three letters of recommendation to: Dr. Steve 
Yanoviak,(emaik spyanoviak@vaecda), Depa: 
tment of Biology, Cnivenlty of Ras ae Linde 
Rock, 2801 S, University, Little Rock, AR72204- 
1099, Review of applications will begin Novernber 1, 
2007, and continue until the position i filled 
The Univesity of Aransas at Lie Rock i an Afiemative 
Acton, Equal Oppomunity Employer, and atively seks the 
fandidcy of qualied invites, women, and pero uit 
‘abil. Under Arana l,l apcations are subject ws 
dicks. Bonos ied mast have, ov be abet oa, pt 
‘of legal authority to wake tthe Cie State 


The Department of Biochemistry at Brandeis 
University invites applications fora tenure-track fe 
tulty position at the rank of ASSISTANT PRO- 
FESSOR beginning fall 2008, We are searching 
ora reve sient who wl eta a igor 
independent research program and also excel at 
teaching The research program shoul address fan 
damental biologial questions atthe molecular level 
‘and complement existing Department strengths in 
nabs of protein structure and function, Research 
fells of particular interest lade nucleic acid bi 
chemistry, chemical ology, and biochemistry of eon 
plex syten, 

Brandeis University offers the rare combination of 
an internationally recognized research university in & 
‘mil college setting. ‘The suburban campus is just 
20) minutes fom the bunting academic ad 
technology centers of Boston and Cambri 

‘Candies should soit cei crc via, 
4 bie research proposal, and three letters of refer 

Christopher Miller, Professor of Biochemistry 
Beandeis University 
MS 013. 
P.O. Box 549110 
Waltham, MA 02454-9110 

First conseration will be given to applications re 
ecied by November 15,2007. 

‘Daunets Uv ss Ea Opey Empl, cn 
imitate balding eunaly divert were! fmt, 
And snoney cages appt fom cn ad ire 
undies 


The Division of Public Health Sciences ofthe Fred 
Hutchinson Cancer Research Center invites appl 
tations from Liboratory based scientists with an inter 
cet in molecular diagnosies, including but nce limited 
to aspects of predictive medicine, early detection, ding 
rosé, treatment response and rk assesment. 
‘Further information is alae at website: 


www.thercorg/about/jobs/ and selecting job post 
Tena INTs 
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POSITIONS OPEN 


DIRECTOR 
Insite of Artic and Alpine Research 
University of Colorado, Boulder 

The University of Colorado, Boule, seks app 
cations for Dirt of the Instige of Are sad 
‘pine Research INSTAAR). The sucesl an 
‘Xe Will sho he 5 tenurat PROFESSOR in 3p 
propre academic dcpariment. INSTAAR racarh 
Sram grochronnlogy, buman and ecomstem cooks 
Sy. brology, Gaslogy, oceanography, landscape 
Stotation, opeochemiaty, and chamac iw a range 
‘of Quaternary and modere vironments. The Int 
tuee is connertal to seven department, adganister 
the Mountain Research Staten and mantis tice 
‘ith federal Iabortonese including the US. Geo 
Iigal Suey, National Ocean and Amonpberc Ad 
timation, and. atonal Center for Aumunpisic 
Research. The Dicer ha primary respon for 
INSTAAR's management, snd report the Vice 
Chanelle foe Research sod Dea of the Grate 
School Appicant shld fave an ousaning record 
of scent acievement ant Kerli and beable 
te baline INSTAAR's management wi igorts 
rescach progam and 3 comminncet to geduate 
‘Suction Al corespondcnce mcluding ppucations 
shoul be sen 1 email ardir@coloradoseda. Ap 
Plestions sould incade Teter o ters, cares 
saris san he ames of ot rr 
Review of appicaions wil begin on October 22, 
2007, and contin unl the potion i led. See 


‘webalee: he sar. colorado.cdu/director for 
trove igre ts tao on INSTARR 


POSITIONS OPEN 


INTERDISCIPLINARY LAND USE/LAND 
‘COVER SCIENTIST 

Stanford Univeniy's School of Earth Sciences 
aol the Wools Trine for Eine pune 
Zeck plications for a tenure rack fey appoine 
then cuir the ASSISTANTS ASSOCIATE or 
FULL PROFESSOR le in the arcs of fad se 
ana and cover (LU/LC) changes We welcome 3p 
flcations fom indians with ecarch oceres 
Thecanes sure, and cwequens of L/L change 
Research topcr oul incade: evaluating lnd- tte 
dyoamic (ef rban growth, asculturl expansion, 
Sr imenifeation) undentanding the peimary de 
om ef LU/LC change: understanding and modling 
ips of LUC change on boxcar 

rirlogeal procescy an their commerce. fr 
Feo nso stem; nora Rate 
futters of LUZLC change, The succesfd cand 
ite wil have strong quanti and spatial ie 
Sling skis; experience imegratng eld data. ith 
oeanbi informuton stem, and/or remote see 
Ere te diy co collbrate with 4 bond range of 
terol ad socal sce, and stomp. dete (0 
teach a the rade and ndergradate vc in the 

vent of Easiraueeal Eat Sytem Science 
‘om ited tps, 

‘Aplications, clung curriculum vitae, a sate 

ment outlining ecard and teaching experience 


lnterests, and the names and addresses of four ref 
erences dnd be sent in thereto (PDF only) 
vemiat oF 


Submit cketronic applications tor hlsearch@ 
sesmailseanford.edu, rit prefered paper 3p 


RANDOLPH-MAOON COLLEGE 
Biology Department 

The Department of Biology ivitesapyiiations for 
two tenure track penitions atthe rank of ASSIST” 
ANT PROFESSOR bepning August 2008. The 
department secks an EVOLUTIONARY BIOLO- 
GIST and an ECOLOGIST. The standard teaching 
load is two lecture laboratory courses per semester, 
which & equivalent to 3 combination of lecture ad 
lesture/laboratory cones that tal 24 teaching 
credit hours. ‘The succenfal candidates will tach 
Snnuslly in an innovative inquiry based introductory 
tidogy coune and wil contrbute to is onging 
developencnt. They will aso be expected to develop 
Upper level courses in their specialty. Ongoing schol 
SR} activity ivolng undergraduates fe expect 
“Applicants must have a Ph.D. and be able to dem 
fomrate teaching cfcctiveness. Review of applies 
tions will begin oa October 31,2007, and continue 
tintil the positions are fled’ Applicants should 
inufcate which positon they are applying for and 
tobe: (1) eantaen vie (a) asthe of he 
teaching pilosophy and research plans, and (3) 
thre leter of reference. Applications and inquiries 
ton Ms. Barb Wirth, ‘Macon College, 
P.O. Box 5008, Ashland, VA 23008. pln a 
eesy envvnged fe mente and wane Rape 
Maes Cage Equa Oppatanty Explor 


TThe Department of Chemistry at Duke University 
invites, applications for a faculty position at the 
ASSISTANT PROFESSOR level in. theoretical 
‘chemistry commencing in the fll of 2008. Appli 

feants developing programs with links to the rich 
interdisciplinary opportunities in the sciences, eng 

necting, and biomeaione at Duke Univenity are par 

ticularly encouraged to apply. All candidates should 
be committed to excellence in education at the un: 

dergraduate and graduate levels Applications received 
by November 15, 2007, will be given fall consider 

ation. To garantce timely evaluation of appbcations, 
allapplicants should ¢ mai fall eurrculuen vitae and 3 
description of proposed research activities (in PDF 
Format) to email: zedu andl 
should request that three letter of reconsmendtion 
be subesitted electronically to this address. Dulie 
Univesity ie a Afiomatve Acie /Eqad Open En 
ployer aul i caer to idowiy minocty cauides and ome 
tol spyupeute pubfcsvens 


ions tor 
Land Use/Land Cover Search Committee 


‘School of Earth Sciences 
Micchell Building #101 
Stanford, CA 94305-2215 U.S.A. 
Applications received by October 22, 2007, will 
ecene full consideration, 
Sanfod Unvaiy ian Figual Oppornonity Eimpl yey and 


{esate ting the Moet of fark Tacs 
twomiaations of and applicaion from wine and mivoety 
fps, vw a ear sd big olde 8 
the Cinivesty’s wea, wehing, an dink ivi 


University of tino at Chicago, Department 
emi nie aga or ae ak 
son in chemastry. Ahh preference wl be ven 
tora paupectne ASSISTANT PROFESSOR, sp 
“tions at higher levels may be considered, Whit the 
search i open in terms cf rescach are, candidates 
wth have + demonstrated iterdacinary approuch 

‘chemisry wil be prefered, Areas of Inert in 
dade chemical biology, Biological and Hounalytca 
‘emit, organometac, materia, alt sno 
chemist. The succes candidate ill be expected 
to cary out ull rd vigrousprogsar ofnnuwative 
‘esearch and to contribute wo the teaching of eradate 
Srafundengraluate sudens. Meaeubni appiations, 
including curicaluen vitae, lt of publication, sun 
‘mary of past research, ans for future esearch, and 
letters of erence from three indiiduals who are fy 
sulla with the candidate's work by Oxtcber 22,2007, 
to the: Chair ofthe Chemistry Search Committee, 
Department of Chemistry’ (M/C 111), The 
University of Illinois at Chicago, 845 W. Taylor 
Street, Chicago, Illinois 60608-7061. Tina au 
thorizaton ofthis position depends upon aalabily 
Of site funding, UIC i aw imate Acun/ Ea! 
Cprocunty Employee, Wonen an mney conde we 
font onumegel © apt 


SENIOR SCIENTIST. Quantitative analysis of 
pharmaceuticals in physiologic buffers and biological 
amg 
ores 
pas ret er mene 
Peony borg eee ier 
peerage poy eee 
Sea ree aoe 
soe eens 
fergie oa eA 


aww sciencecareers.org 


Tenure Track Faculty Position 
Cancer Pharmacology, Drug 


Discovery, and Biochemistry 
Sloan-Kettering Institute 


Stour Ket 
position at 


x, Hsin f weeking an innorave indi. for 2 vem 
he Awhtant ce Awociste Member level, with ston resea 
ccumplnbinentsin taocbemiay, pharma heel bs 

tildes prublem of relevance wo cancer rescarth or cancer 
development Faculy wil be elghie wy bold graduate 
alsin the Gerner Shan-Ketering Graduate Schodl of Ban 
ev the Weill Graduate School of Med roel! Univer 
wel the Tréhaiinwional MD/PHD Trin 


Training Progen in Chemical Bil 
MKC offers 4 unique and exciting esearch emviea 
Inmunolgy, Phannardogy, Chemist. Molec Bid 


ral Biology, Cellar Biocheminry 
‘workbcenonmed 


Applicants should have a Ph.D. oF MD degsee, podocioal experience, and 
detication ws fmportant problems a the iterace od 


isey a they relate weancer phat 


{hemi Froeam, Naor Sone etering Cancer Cntr, 1275 York vase 


[New York, NY T0021, 


Memorial Shan Kettering Cancer Center is an ai 
‘oppertnty em 


/®\ Memorial Sloan-Kettering Cancer Center 


iy TEMPLE 


E=8 UNIVERSITY" 


Faculty Positions in Ecology/ 
Environmental Biology 


The Department of Biology at Temple University is 
‘expanding its faculty and anticipates adding several new 
faculty members in the next year. Applications for tenure- 
track faculty positions at all levels in the general field of 
Ecology and Environmental Biology are invited. Successful 
candidates should have a strong publication record and 
‘an innovative research program with level-appropriate 
external funding. Contribution to teaching at both the 
undergraduate and graduate levels is expected 


Applicants for junior positions with a Ph.O. and 
postdoctoral experience should send curriculum vit 
description of research interests, a statement of teaching 
philosophy, and three letters of reference to: Dr, Robert 
‘Sanders, Search Committee Chair, Department of Biology, 
‘Temple University, 1900 N. 12th St, Philadelphia, PA 
19122. Senior applicants should provide curriculum vitae 
and the names and contact information for references, 
Review of applications will begin October 15, 2007. Temple 
University is an equal opportunity, equal access, 
affirmative action employer committed to achieving a 
diverse community. AA, EOE, m/t/d/v. J 


OHIO] FACULTY POSITION IN BIOCHEMISTRY 
The Ohio State University 


‘The Department of Biochemistry at The Ohio State University invites 
applications for a Tenure-Track Faculty Position, preferably at the 
Assistant Professor level, as part of a multi-year effort to develop 
excellence in macromolecular structure and function-related research, 
Consideration will be given to qualified candidates. with research 
interests spanning all areas of biochemical rescarch including chemical 
and structural biology, mechanistic and metabolic biochemistry, 
bioinformatics, proteomics, biopolymer folding and assemblyC 
specially those that complement the research streagths of the 
department (see hitp:/www.biosciohio-state.cdu/~biochem). 


‘The candidate should have Ph.D. degree or its equivalent with a 
strong background in biochemistry, a least two years of postdoctoral 


experience, and an established record of accomplishment, A strong 
commitment to the development of a vigorous and innovative 
independent research program supported with extramural funds, the 
integration of teaching and research, and the rigorous traning. and 
instruction of graduate and undergraduate students is essential, 


Please send a curriculum vitae, a summary of research accomplish- 
‘ments, and a three-page description of future rescarch plans to the 
Faculty Search Committee, Department of Biochemistry, The Ohio 
State University, 484 West 12th Avenue, Columbus, OH 43210. 
Candidates should also have three letters of recommendation sent t0 
this address. For full consideration, applications should be received by 
November 1, 2007, but will be accepted until the position is filled 


In its commitment 10 build a diverse workforce, The Ohio Sate 
University encourages applications from minorities, veterans, women 
‘and individuals with disabilities. Flexible work options are available. 

OSU is an Equal Oppornunity/Access and Affirmative Action Employer 


ANNOUNCEMENTS 


dn 
b<uaralie's wish SE 


2007 Autumn Call for Funding Proposals 


The Cysinsis Research Foundation's (CRF) ultimate goal i acure fr this 
disease. Research awards will be gen for upto thee years. The CRF has 
cover $1.2 millon dollars in esearch funds availabe, The umber of awards 
and thei value will depend onthe mumber of outstanding proposals and the 
funds availa a the time, 


‘© Research Proposal — The CRE is pleased wo announce its second 2007 call 
for esearch proposal. The ORF is prepared to fund proposals to improve 


the immediate care of children and young adults with Gstnosis and vo 
develop new understanding 2nd teat of sins to hep these cidren 
Fre: or Post-Doctoral Fellowships — The ORF has established the ist 

re-or past doctoral research fdlowship program in the United States to 
‘encourage young investigators to establish careers in Cystinnsis research 
Felons wil be fnded for one othe years for a maximum of $75,000 ea. 


For the curren funding cle, proposals and fellowship applications must 
be recehed by November 2, 2007. Decisions for funding will be made in 
Jar 2008. For instructions on how to prepare proposals, visit 
evematalieswish.org and click on research/grant guidelines. 


Tesiew Paces —Proposs are revewe by Sentfc Rew Board 
copied of expents on sins who then aise the CIF cn the scien 
sme ofeach prposd. The Cf il flan the eet fuming to sport 
clinical and each esearch, ad flops 


areers 
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POSITIONS OPEN 


The American Chemistry Council (ACC), a 
tational trade asociation representing the world’s 
leading chemical and plastics manufacturers, cur 
tenth’ has an opportunity for 1 DIRECTOR within 
four Long: Range Research Initiative (LRI) Depart 
‘ment inthe Washington, DC metro acea, ‘This 
position directs the research management process 
i the LRI, additionally providing the focal point 
forthe chemical risk assessment/health effects com: 

ponent of the research program. The LRU is 3 maj 
program of the ACC that sponsors an independent 
research program (S17 million in 2007) that ad 
Vances the scence of risk assessment of the health 
effects of chemical to enhance decision making by 
government, industry, and the public. The peimary 
‘duties are to (1) serve 36 the lead for several Request 
te Proposal (RIP) Teams, which develop and imple 
Kes via a © prox’ (2) perioem 


and communication about the program. To learn 


‘minimum qualifications, more details about the pent 
«website: 
To 


tion, and application instructions, vise 


ceacellent benefit 


POSTDOCTORAL POSITION in the Cell Di 
ferentiation and Development Center at Marshall 
University to study the moleculae mechanisms which 
govern skeletal muscle growth and atrophy. The 


‘successful candidate will have Ph.D. and/or MD. a 
strong background in physiology and moleailie be 
‘tional oral anal whiten communication 

highly de 


loys a 
‘kil. Experience with animal moxlels 
sirable, The candidate wil 

research findings at seient 
‘manuscripts, asst in experimental design, and apply 
for extramural portdoctoral finding. Salary is nation: 
ally: competitive and will be conimersurace with ex 
perience, Mease email curiaulies vitae and a brief 
scription of career goals, along with names and con 
tact information of three references tr Erie Bough, 
Ph.D, Laboratory of Molecular Physiology, 241 
Byrd “Biotechnology Science Center, 1700 3rd 
Avenue, Huntington WV 25755 U.S.A.; e-mail: 


bblough@ marshalled, Mashull Univrty 1 Ful 
ay ae 


jo Eimphoe 
COMPUTATIONAL STRUCTURAL 
BIOLOGY/ BIOPHYSICS. 
Oregon Health & Science University 
A POSTDOCTORAL POSITION is salle for 
the development of computer methods to ft sone 
imoalel to electron microscope reconstruc 
involves the testing of optimization algorithms and 
development of restraints applicable at low resolu 
tion (website: heep://xtakohsuedu). Test ap 
Plkaes pth’ SESE WaT ES Stacrnion 
‘vith Joachim Frank. Candidates should have ex 
perience of sofiware developmes 


copy or scray crystallography). E-mail curriculum 
‘itne and contact information for three references 


‘Michael Chapman at e-mail: chapmami@obsu.edu. 


POSTDOCTORAL POSITIONS 
‘Available at 
Sloan-Kettering Institute 

Seeking. Research Sciemtas with postdoctoral 
experience £0 join 9 kboratory studying the molec 
ir ce using imal ee hema 
Iithe suidy of enunopoietc sem cel ology wing 
‘mouse models and/or in vaso cule technajucs. 
Senda descion of your research intrest, cure 
slum tae, and the mimes sod telephone: nurbers 
Sf thrae references i De. Stephen D. Nimer, Me. 
torial Soan- Kettering Cancer Center, 1278 York 
‘Avenue, P.O. Box 575, New York, NY 10021. 
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POSITIONS OPEN 


FACULTY POSITION in CELL and 
DEVELOPMENTAL BIOLOGY 
Vanderbilt University Medical Center 

‘The Department of Cell snd Developmental Bick 
‘ogy invites applications for a tenure tack culty 
position. Established investigator with a strong 
Fecord of productivity and extramural fnding are 
‘pecilly encouraged to apply for appeantment 3 
Iciel of ASSOCIATE or FULL PROFESSOR. \ 
seek candidates using cuting edge exllulr, molecu 
bir, Hochemical, structural and/or genetic approaches 
in any aea of cell and developmental biclogy and 
‘eukaryotic model systems. Special consideration Will 
be given to those ining © desans or Dreoplila wo 
investigate fundamental problems in neurobiology 

ich as mechanisms of akon guidance and syrapse 
assembly or function, nuclear onganization and dy 
znamics, vesicular rafficking, and tissue differentiation. 
Successfil candishtes will recive substantial startup, 
packiges and will be howsed in newly constructed? 
Fenovated facilities "The appointee will aso benefit 
fiom a broad array of core facilities, active graduate 
programs, and an interdisciplinary environment 
Complete’ applications should include curicukim 
tae, repaint of recent publications, a bref statement 
‘of present and future rescarch plans, and three letters 
‘of recommendation, solicited by the applicant. Dead 
line for receipt of full application maternal is 
December 1, 2007, 

Submission instructions: cover letter, curicubn 
vitae, research plan, and at least three reprints 
should be submitted as ane PDF file to e-mal 
edbvece fanderbilt.edu. Reference letters 
SAE TS See aaa ae te rele 

Vanes University Malid Conte is stony 
to dirty i ateating Jay wf this postion a at 
Aiomsnwe Acton, Equal Oppertaney Employer 


VERTEBRATE PHYSIOLOGY 
‘The Department of Wiology seeks candidates for 
the position of ASSISTANT. PROFESSOR effec 
tive August 2008, Responsibilities inchade instruc 
tion of the following animal physiology course, 
lundengraduate/graduate course tn the area of ca 
didate's specialty, and introductory courses for ma 
jors and nonmajdes. The successful candidate will be 
fed to have eamed a Ph.D. from an accredited 
ion by May 31, 2008. A demonstration of 
teaching ellectivenew and evidence of 3 commitment 
to undentanding dvene populations will be required 
the on campus interview. Qualifed candi 
imerest, a brief state 
iment of teaching philenophy and research interest, 
‘curriculum vitae, undergraduate and graduate tran 
Scripts (unoificial for application, official prior 
interview } and the names and contact informatio 
for three references to: De, Michacl McNichols, 
Chair Physiology Scarch Committee, Biology De- 
hiprensburg Univer, 1871 Old 
ippensburg, PA 17357; e-mail: 
imeni@ship.eduyfaxz 717-477-4066. Review of 
Seplicstons begins January 10, 2008, and will 
intl the penition is filled. Upon appt- 


cnt, cambiates wit Sunita poof of gly to wok in 
ra 


the US. Ofer of employment are coutingent upon 
Completion of 4 criminal hadkgnnd check. Shippo 
UUpvesity an Equal Opportnty Employ 


CAREER OPPORTUNITY 

This unique program offers the candidate with an 
‘eamed Dectorate ip the life sciences the epportunity 
toobtain the Doctor of Optometry (O.D.) degree int 
27 months (beginning in March of eich year). 
Employment opportunities exist in research, edivcs 
tion, industry, and private practice. Contact. the 
‘Admissions Office, telephone: 800-824-5526 at 
the Now England’ College of Optometry, 424 
Beacon Street, Boston, MA 02115. Additional inf 
mation at website: hetp:/ /www.neco.edu, e-mail: 
admisions@.nceo.c 


POSITIONS OPEN 


EVOLUTIONARY DEVELOPMENTAL 
BIOLOGIST 


‘The Department of Zoology, University of Hawaii 
instes Ewolitioniry Developmental Biclogists to 3p 
fy fora tenure-track ASSISTANT or TE 


PROFESSOR position. ‘Teaching responsibil 
wll inclide an advanced undergraduate course in 
developmental biology and a graduate course in the 
individual's speciaky. Applicants must have a Ph.D. 
and relevant postdoctoral experience, evidence of 
Sgnifcant research accomplishments, and a commit 
iment to excellence in teaching. Desirable qualifica 
tions include college teaching experience, research, 
that interfaces developmental and evolutionary biol 


, evidence of successfil grantsmanship, manage 
ice ofa research project, andl ablty to interface with 
adverse range of faculty interests and to work with 


fn ethnically diverse student population, ‘To apply 
Send letter of application, curnculum vitae, state 
iment of rexcardh accomplishments and goal, reprints 
of three publications, an names of thre referene 
Search Committee Deparment of Zoology, 2538 
‘McCarthy Mall, University of Hawaii, Honolulu, 
HI 96822, Closing date: Novernber 2, 2007, 


NNOUNCEMENTS 


INDO-U.S. SCIENCE and TECHNOLOGY 
FORUM (IUSSTE) 
‘Announces 
Indo-U.S. Research Fellowships 
Indo-US, Science and Technology Fonun (IUSSTE) 
fn association with the Science and Engineering, 
esearch Council (SERC) of Department of Science 
id Technology (DST), Government of India has 
bunched Indo-US. Research Fellowships to enable 
Indian researchers under the age of 40 years to carry 
nat R&D in frontier areas of S&T at any premice 
institution in the United States up to period of one 


year. Fellowsbip will cover (1) monthly stipend, (i) 
) preparatory’ and conference 


Sciences, lie sciences, medical siences, 
and computational sciences, and physical sciences 

Young Indian researchers interested in availing the 
above fellowship and American counterparts willis, 
tw bost an outstanding. Indian Fellow may refer to 
website: hetp://wwwaindouseforg for application 
derail 

“Applicatio 


deadline: 81 December 2007. 


issue can be viewed 


‘op scencearerhong 
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Expression Proteomics // Tools for Protein Separation and Analysis www expressionproteomics.com 


Fractionation just got simpler. 


Reduce the complexity of your protein sample with the MicroRotofor" system. 


Fractionation is an essential step for increasing protein resolution in 
proteomic workflows. By fractionating, you reduce your sample complexity 
and enrich low-abundance proteins, both of which are central to biomarker 
discovery. Bio-Rad offers the MicroRotofor system for fractionation of 
proteins prior to most downstream proteomic applications, including 

2-D gel electrophoresis and LC-MS/MS analysis. 


= Handles small volumes (-2.5 mi) of precious samples 
= Is compact and easy to use 

= Separates proteins by liquid-phase isoelectric focusing 
Fractionates complex protein mixtures under native and 
denaturing conditions 

Offers customizable pH gradients to further enhance 
resolution of proteins of interest 


MicroRotofor system 


For more information, visit us on the Web at www.bio-rad.com/microrotofor/ 


Visit us on the Web at discoverbio-rad.com 
Call toll free at 1-800-4BIORAD (1-800-424-6723) BIO-RAD 


outside the US, contact your local sales office. 


